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!.-REPORT ON THE FISHERIES OF THE GREAT LAKES; THE RE~ 
suw,· OF INQUIRIES PROSECUTED IN 1871 AND 1872. 
BY JAMES W. MILNER. 
A~INTRODUOTORY REMARKS . . 
1.-OUTLINE OF OPERATIONS,· 
In carrying out the work allotted to me in the region of the great 
lakes, in 187i, i made a tour of the entire shore of Lake Michigan and 
the islands, visiting nearly every fishing locality, gathering testimony 
of tlte fishermen as to th~ present condition of the fisheries, its compari-
son with former years, the kind~ of nets in use and their effect on th0 
numbers of the fish, and the opinion of the net-owners as to the influence 
of protective legislation. The visit to the fishing-grounds afforded op-
portupities for acquiring information in the modes of fishing, the spe_ 
/cies captured, and some· knowledge of their habits, of which I availed 
myself as far as I could. A collection was made, embracing nearly all 
the species of the lake, which was, unfortunately, lost with the building of 
the Academy of Sciences in the great fire o( that year in Chicago.· 
On being notified by you that therevenue:steamer Johnson would afford 
facilities for dredging, I went on board with a dredging outfit in Septem~ 
ber, after returning from the north shore of th~ !ake, and remained with 
the steamer during a cruise of two weeks, dredging whenever it was · 
possible, though the stormy weather during the trip prevented as exten-
sive work as was desirable. . Enough was done,-however, to obtain a,. 
knowledge of the general distribution of invertebrate forms throughout. 
all depths, and a collection of crustaceans, mollusks, and insect larv~ 
secured, w bich met; the sam·e fhte ai the collection of fishes in the fire. 
The late Dr. Stimp3on had previously identified most of the species as, 
the same as those of his own collection on a dredging expedition in 
1870. The general distribution of white-fish food throughout the lak~, 
bottom was sufficiently established. 
In 1872 localities on Lake Superior were visited, a collection of the 
·fishes obtained, and ample notes of1'fiheir habits recorded. • The fisheries 
of Detroit Ri rnr and a portion of Lake Erie were examined, and informa. 
tion gathered with reference to fishing-interests, and· specimem~ of the 
fishes preserved. From Detroit River a quantity of white-fish spawn was 
obtained and impregnated and placed in the troughs of Mr. N. W. Clark's 
hatching-house at Clarkston, Mich., with which gentleman a contract. 
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-was made for their care until ready to be turned into the waters . 
.Arrangements were also made with Mr. N. W. Clark, and Mr. H. F. 
Dousman, of ,Yaterville, Wis., for the care of the salmon-eggs furnished 
for the States of Michigan and Wisconsin. 
A correspondence was opened with gentlemen of Wisconsin, who used · 
their influence in obtaining a sufficient appropriation from the State for 
. the expenses attending the introduction of salmon into its waters. Dr. · 
. J. W. Hoyt, Dr. I. .A. Lapham, Hon. L. J. Farwell, and Mr. R. F. DoliS-
man cordially assisted the movement and obtained the required aid. 
During the legislative session of Michigan, by invitation from those 
interested, I ,~isited the capital, and afforded such information as bad 
been obtaioed with reference to the fisheries, and at the request of the 
chairman of the house committee drew up a bill for the appointment of 
-commissioners of fisheries for the State. During the session an ap-
propriation of $15,000 was made to defray expenses of propagating food-
.ilshes in order to increase their numbers. 
An attempt was made to interest all the States bordering on the lakes 
in tlle matter of protecting the .fisheries, most of them having had the 
suhject presented in some form previously. Letters addressed to the 
Governors wore referred to the proper committees in the legislatures. In 
Ohio and Indiana the question came up in one form or another during 
the winter session. Illinois, though possessing ·a small extent of lake-
coast, and ha,·iug a large interest in the fish-sales of the Chicago market, 
haH not yet taken the matter into special consideration. 
The fish-dealers of the lakes were addressed, either in person or by 
letter, aml as full statistics of the catch of 1872 obtained as possible, in 
order that the importance of the interest might be better understood. 
!:!.-ACKNOWLEDG:\IENTS OF ASSISTANCE RENDERED. 
I drsirc to refer to Mr. William D. Palmer, of Cllicago, and Capt. Sam 
uelCkment, of Waukegan, Ill.; Uapt. E.Butlin andl\fr. William ·wright· 
of the Goodrich steamer-line; Dr. I. A. Lapham, of Milwaukee, and 
Mr. H. J.1'. Dousman, df \Vater\'ill<>, ,vis.; l\fr. George Clark, of Ecorse, 
\Ir. J. P. ('lark, of Detroit, and Mr. N; Vv~. Clark, of Clarkston, Mich., 
for rnrious assistances and tra\·eling-passeR, materially ·lessening the , 
«•xpcmms of tile work; to Mr. :E. vV. Blatchford, of Chicago, Ill., for the 
mm of iustrurncnts for derp-sea work and a complete set of nets• to 
< 'apt. David Evans and hi!i oflicers, of the revenue-marine service•' for 
tl~<'ir.cordial assistance during the dredging-trip; to Mr. J. L. 1ndaus, 
ot \\ aukegau, Ill., for rnluable aid in obtaining information through a 
long extent of shore that would otherwise haYe required a personai 
vi.sit; an<l to many others who afforded information and support to this 
work. 
In the following pages will be found the statistics of the catch of one 
year, conclusions with reference to the decrease of the food-fishes the 
methods to be adopted for their restoration, the economical and natural 
l\hLNER-FISHERIES OF THE GREA.T ~AKES .. 3 
.. 
history of the more important species, and the general results of the 
work of th13 past two years. 
B-GENERAL CONSIDERATIONS ON THE LAKE-FISHERIES. 
~.-INVESTMENT IN THE FISHERIES. 
The fisheries of the lakes are an industrial interest oflarge extent and 
considerable commercial value, of which little is known except among 
those directly interested. 
Back from the lakes the very prevalent idea is that fishing is an un-
profitable emplo.rment for an ir.regular class of men who eke out a 
meager subsistence from year to year by this pursuit. Though the risks 
and uncertainties of this vocation _make the yearly income very variable, 
the investments of fishermen in their stocks are quite respectable sums, 
and compare favorably with the farming-communities, being all the way 
from three hundred to twenty thousand dollars, their sales reaching in 
some instances as high as $7,000 from their own nets. This refers to 
those men only who actually superintend their own :fisheries. .A few 
dealers who furnish the nets on shares sell five or six times as rnnch 
in a year. Nor is there any truth in the aspersion on the class of men, 
who are industrious, hard-working citizens, and, considertng the hard-
ships and exposures incident to their calling, singularly free from the 
habit of hard drinking. 
The fishing-stocks are necessarily a less stable investment than farm-
ing-lands, liable to frequent loss and injury, and · as the success of a 
:fishing-season depends much on the character of the weather, there is 
of course uncertainty in the yearly income. · 
The same as in other vocations, the alternation of abundance an(l 
scarcity does not develop the provident faculty that accumulates prop-
erty, for though as a class not given to dissipation, they spend their 
money freely for comfort and good living when the fishing is prosper-
ous. In spite of all these unfavorable conditfons many attain com-
fortable circumstances. 
The investment of fishermen and net-owners by itself is not inconsid-
erable. Under your instructions last year I visited nearly all the 
fishing-ports on Lake Michigan, and made an accurate count of the 
fi8hing-stocks owned and used on the lake. 
In the following pages are given the statistics of permanent i.nvest-
ment, of the number of men employed, and their wages, for the year 
1871. . ' 
In,vestment in jisking-stock8 on Lake 1lfichigan 1in 1871 . 
. 281 Jlound-nets, average value $50()_. ··---· ·----· ····-· -~---· ____ ·----- ··-· 
102 gill-nets, "heavy-rigs," average ,alue $725 .•••••• _... . • • • • . ___ . _. ____ • 
348 gill-nets, "light-rigs," average value $225 .. ____ ···--· __________ ·-·· ·---
98 hoats,average valne$500. _____ . ., ____ ···-·· ·-·--· ··---· •... ·--··· ··-··· 
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• 
143 pound-net lJoats, average value $5-0 •••••••••••••••••••••••••••••••••••• 
100 anchor-boats, average value $-25 .•.•••........•....••...........•.....• 
4 steam :fishing-boats, average value $1,800 .••••..................•. : •... 
1 schooner .•.••••..••.•...•••.••• _ •.• ~ ••.••.....................•.... _ . 
500 shanties, average value $50 ..••••.••••••••••••.••••••••••••••••..••••• 
100 ice-houses, average value $100 ....••..•.•••...•...........••••......•••. 









The current working capital employed in the fisheries, omitting wages, 
and including packages, inspection, salt, ice, freightage, and repairs, 
is a large sum of money, probably as much as $150,000. 
The number of men employed by the nets of each kind is very nn.i-
form. 
For three pound-nets, a crew of five men is necessary, while where 
but one or two are employed, at least four men are required; 
The "heavy-rig" gill-net stocks, working a large boat, and four and 
five gangs of nets, with from twenty-five to thirty-six nets to the gang, 
have five, or six men to the crew. 
The "light-rigs," with a 22-foot '' Mackinaw boat,'? and three or four 
gangs of from eig,ht to twenty nets, have a crew of two or three men. 
It will be observed that the boat is the unit of a fishing-stock. It 
is so consiqered among gill-netters, as they speak of so many boats 
"light-rig," or "heavy-rig," in a locality. It has not been adopted 
among the pouqd-net men, though it would apply nearly as well. 
Though the number of boats represents the number of separate es-
tablishments, they do not,, however, correctly number the proprietors. 
There are net-owners on the lakes who have from twenty to thirty 
thousand dollars invested in nets, and who furnish nets and full outfit 
to as many as forty establishments, in the ·' light-rig" gill-net fisheries; 
the fishermen, in the parlance of the lakes, ''filling" the furnished half-
barrels on shares. 
On Lake Erie there are net-owners who employ a sufficient number . 
of men to run forty pound-nets, paying wages and receiving all the 
fish. On the other hand, the majority of establishments, managed by 
tlie owners, are partnership concerns. 
Out of about two thousand men engaged in the fisheries of Lake 
Michigan, but a few more than half are men receiYing wages, and some 
of these are the minor sons of the proprietors. 
'Ihe time for which the men are hired varies in different localities. In 
a large rtgion of the lake-fishing, the season la.sts f~om seven to eight 
month~. 
As early as the month of April, before navigation has opened, the 
fishing-boats are plying daily from their harborR to the fishing-grounds, 
often finding the run of fish plentiful at this se~son. In 1871, many of 
the fishermen began the season before the middle of March. In the 
fall thry prolong the work late into November and even December, 
and in Yery open n-iater~, from a few ports, nets ha·rn been set., within 
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three or four miles of the shore, every month in· the winter, continufog 
the fishing throughout the year. 
Where fishing through the ice is carried on, men are employed for 
winter work. 
On Lake Michigan, in 1871, the summer :fishing in the vicinity of 
Waukegan, Ill., afforded employment to about forty-four men dur-
ing three months of the year; tlie spring and fall fisheries of the lake 
employed about eleven hundred and eighty men during five months; 
th.e year fishing employed about seven hundred aud sixty-five during 
aboiltseven months; in all,aboutonethousand nine hundred andeighty-
nine men, of whom only about nine hundred men received wages. The 
total outlay was about .$180,000 in tla.e season. 
4.-THE EXTENT OF TUE LAKE-FISHERIES. 
No attempt at obtaining any very complete statistics of the product 
of the lake-fisheries has hitherto been made, and in the census reports 
of the United States few and fragmentary figures of this large interest 
have been given. A. complete exhibit, or one as complete as may be 
made of most of the market commodities, would be diffi.eult to obtain, 
as a large amount of fish is used in .the local demand in the vicinity of 
the :fisheries, which is sold directly by the :fishermen to residents, ped-
dl~rs, and traders on steamers, and no account of it is kept. The tables 
of steamers and vessels are also supplied in this way. There are also 
a large number of small dealers, who keep no books, receiving and sell-
ing fresh fish in lake cities. So that of a large amount of the fish 
ca.nght no record is made; aml of the quantities taken reliable statis- · 
tics of not more than about seventy per cent. can be obtained. 
The handling of the lake-fish on the market employs quite an amount 
of capital. Large warehouses are necessary for storage and the assort-
ing and inspection of the fish, and are to be found in all of the larger 
cities. In the salt-fish trade, great quantities" of salt come a second 
time into demand, for use in repacking. 
Of late years a process of freezing bas been resorted to for the ship-
ment of fresh fish. This process has been patented, and the right sold 
in all the impor~ant cities on the lakes. Large freezing and preserving 
houses have been erected, and hundreds of tons of fish are frozen while 
fresh, and shipped in this condition to New York, Washington·, Cincin-
nati, Saint Louis, Omaha, and intervening cities. 
Many of the dealers employ small steamers in visiting the fisheries, 
and gathering in the fish that are salted on the shore. 
]!or the purpose of showing the extent of the· :fisheries, and their 
value as a commercial and food resource, we have attempted, since the· 
close of .the fishing-season, to obtain an exhibit of the catch of the year, 
as complete as possible, for the whole extent of the lakes. 
Though most of the dealers responded cheerfulJy to the application 
for figures from their books, a few failed to comply, and the tables are 
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in consequence deficient of some large quantities handled by dealers 
in such places as Toledo, Ohio, and Detroit, Mich., and in a few points 
of lesser importance. The sales in Cleveland are large enough to 
compare with those of Sandusky, Buffalo, and Chicago, but the 
amounts obtained from that city, though cheerfully afforded by all who 
had them at command, ~re those only from original points, directly 
from the net-owneri, and the gross sale's were not in our possession. By 
far the larger proportion of the catch of Lake Huron and Lake Superior 
finds its way into the markets of which we have afforded statistics, 
and the deficiency of the sum-t.otal of their catch will be what has been 
shipped into the interior of the State. From these causes probably 
:fifteen per cent. of the quantities put upon the market are not in the 
tables, while the local consumption before referred to, would add still 
more to the totals; in all, perhaps, twenty-five per cent. 
5.-ST.A.TISTICS FOR THE YEAR 1872. 
The fishes· in the tables are classified according to the system adopted 
at Sandusky, Toledo, and Cleveland. This system includes under" hard 
fish" the wall-eyed pike, called pickerel on Lake Erie, Stizostedion ameri-
cana. Cuv. and Val.; the black-bass, Micropterus nigricans Cuv.; and the 
Micropterus salmoides (Lac.) Gill, mss.; · the lake-pike, Eso.T luc·ius Lin.7 
the muskellnnge7 Esox nobilior Thomps.; the salmon-trout, Sal mo namay-
cush Penn.; and the white-fish, Ooregonus albus Les. The skinned cat-
fishes, selling for the highest prices in the market, are also included. 
Under the head of "soft fish" are comprised the sauger, Stizostedion 
grisea DeKay; the white-bass, Roccus chrysops (Raf.) Gill; the suckers, 
·catostomus com·m,,u,nis Les.; C. aureolus Les., 0. rnelanops Raf., and the 
carp, Garpiodes cypr-im.ts Les. "Mixed fish" includes both kinds. 
• Statistics of tlie number of poimds of lake-fishes received by .first ha:nd-
lers for the year 1872. 
____ 1_•:-ac __ '· \ nru-d fish. I Mixed fi,b . I Soft fish. I .f;>:f;,. · St~go<>n. S"'1t fish: 
J{ochr!ltn, :N'. Y .. -~ ... ~~-.I 1l 725 7'< 000 
i.!ri!~lf,~~:.:::·.:::::::::::\ l,:i(~: ::::::·:>:: ::::~~~,:~~~: :::::::::::: :::::::::::: :::~:~~~:~~~ 
Conneaut, Ohio ............ : 187,498 ........................................................... . 
,\Hhtahula, Ohio...... . . . . . . 27, 820 
~J~:<l~a:k\ ~~\~;.:::::: '. : : : : ~: ~!!;: ~g : : : : ;~~.: ;~~: .... ~t,fl~f .. ~Jfl~t : : : : i~~.: ~~~: : > ~~~~ ~~~-
l'ut-in-B:y, Ohio........... t<;;, 000 . . . . . • .. . . . . 12,000 14tl, 600 .•..•................... 
Huron, 0 1iQ .. .............. 1 l!l7, 891 ............ 76, 60:J 91:J, 252 ......................•• 
r~~~i~lt + 1
1
: i:~n~: :\;;~µ __ j:_~ . _'}!: ~- :~:~::/i :;:n:rnr 
('hica.i:o, JII ................ 4,il2,19tl 18,800 ·····i1,'1Ei.i' ····iti-i-,'G73. ·····25,'i'.fr 2,519:500 
In thrhull~c,f n·~,wl'lfrozl'n 
in on Lake ~llJ>"rior ...... ! . • . . . • . • . . . . . • . . • . . . . • • • . . . . . . . . . • . . .. . . . • • . . . . . . • • • . • • •• • • . 270,000 
Total.. .....•..•••.... I 13, 640, 9-27 I 1, 1:il, 2051 2, 387, bOH I 4, l:!'2, 6:!l 745, 647 10, 199, 800 
• All qnantit.n'11 exchanied between the place.'! named after being recorded for their ori!!iual market 
arfl deducted from th" rN't•ipui of tho ,mbHf'qnent one. ' 0 ,. 
I The fignre.a 01,poi,ite Sandusky include l,oth the fresh and sa!t fish. 
: Inoomplew. 
~ Obtaii:cd only throngh newqpaper sources. 
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The sum-total of this incomplete record is 32,250,000 pounds of fish,. 
with a value of $1,600,000. 
The two ports handling the largest amount of fish are Chicago, Ill., and 
Buffalo, N. Y. Their relative figures are shown below: 
Place. Hard fish. 





:Buffalo, N. Y .. 2,428,750 . ....... . .. _. 937,350 - .... . ....... ---·····-· 3,008,000 ,. '"· ioo 1-· 025 oe 
Uhicago, ill ... 4,712,198 18,800 17,784 167, 6'/3 25,147 2,519,500 7,461, 104 414, 717 5 
Sandusky, Ohio, Detroit, Mich., and Cleveland, Ohio, would also,, 
show large figures in their gross sales. The table of statistics, as it. 
shows in most cases only the original quantities received from :fishermen 
and markets not recorded, of course does not exhibit the entire business 
of the different places. . · 
C-CRARACTER OF THE FISIIING INDIFFERENTLOCALITIES .. 
The seasons and methods of fishing vary very much in different locali-
ties. Slight differences in market demands at various points influence-
the capture of certain species. Difference in depth of shore-waters con--
trols the range of some kinds of fishes. The season varies somewhat 
in different parts of the lakes, While the number of nets and men to. 
the boat, as well as the size of the boats, is dependent on numero,1.s. 
conditions. 
6.-IN LA.KE SUPERIOR. 
In Lake Superior, within the bays and among the islands, the pound-
nets are used. The bold shores of the greater part of the lake will al-
ways prevent the use of these nets to any very injurious extent; though, 
from the local habit of the white-fish, some of the best looalities may be -
· come depopulated. 
The principal fisheries are in the region of the Apostle Islands and at·. 
White-Fish Point. In both places pound-nets are in use, but the gill-
nets are, thus far, used in greater number. The other :fishing-localities, 
of consequence this season were at Grand Island, Marquette, islands to 
the east of Keweenaw Point, and Superior City. The Canadian fl.she·~ 
ries, except those of Michipicoten Island, are principally under the_;• 
Hudson Bay Company's control, at Michipicoten River, the Pie, and at:, 
St. Ignace IsJand, and are all gill-net fisheries. 
7.-IN LAKE MICHIGAN. 
As the fisheries of Lake Michigan were worked up in detail in the·-
year 1871, a description of the character of tl;ie fishing in different. 
localities may be valuable for the Jight it may afford as to the neces- . 
sity of discrimination in legislating for different regions. 
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.Be<Yinning at South Chicago, near the head of the lake, there were 
ten ;ound-nets, distributed along about eleven miles of coast, lying 
three miles to the north and eight miles to the south of the Calumet 
River. Unlike pound-net men in other portions of the lake, they lt.ere 
seek to catch every variety of fish, :finding sale to the peddlers of every-
thing but the dog-fish, Amia calva Lin. 
At Chicago there were six boats fishing with trot-lines off the mouth 
of the river; their caMh being almost entirely the perch, Perea flaves-
oens. One man is employed during the season at l\lilwaukee catching 
bait, shipping tubs full of minnows daily. 
There has been no net-fishing here for years, the few experiments 
made proving failures. It is quite possible, now the filthy current of 
the river no louger tlows into the lake, that there may be some success 
with nets. 
At Evanston, the pound-net fishing was of rnry mucll the same char-
acter as at Calumet. At both points tlley have a spring and fall season, 
taking out the nets in llot weather, when the fish leave the shoal waters. 
From ;Lake Forest and Waukegan to the Wisconsin line were twenty-
seYen pound-nets, fishing for both the fresh and salt fish markets. In this 
region comparatively few fishes are taken other than the white-fish. One 
proprietor bas built a smoke-house, preparing and boxing the smaller 
white-fishes for the Chicago market, where they are ·sold as smoked 
herring-. If there were no otller objectiou to the capture of the small 
white-fish, than their usrlcss dt~strnction, this could be easily remedie<I 
by disposing of· them in tllis way, as they find a quick and profitable 
sale, the demand being far in excess of the supply. 
The season here is different from most other parts of the lake. Instead 
-of a spring aud fall season, with an interim of two months, in which 
the net~ .are taken out, the fishing, beginning late in May, la!its until 
tho first week in September; the fisheries having their greatest run 
during the months in which the least fishing is done at most points on 
the lake. 
It will be ouserved that in Illinois's share of the lake-shore no fishing 
h; done, save with pound-nctR. It is not likely that gill-net fishing 
v.ould be uudertaken here if pound-nets were prohibited, as it would 
1.>E; too hazardous of life and property. Gill-net fishing is adapted only 
to a coast with good boat-harbors, or at any rate favorable lees, as in 
high winds, driving lieavy seas on the shore, there is great difficulty in 
landing, and often when there is not sufficient sea outside to prevent 
taking up the net~, it is very difficult to launch a boat that. would expe-
rience no inconvenience when once fairly out from shore; so that nets 
from a shore like this often remain out for days, while a few miles off 
from a harbor the boats run out and take up every day. Frequently 
they are caught in a gale when outside, and are obliged to run for 
harbor~ twenty or thirty miles to the north or south because of the dan-
ger they would incur in ueaching. The large number of deserted fish-
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ing-shanties along the beach, on the east shore of the lake, attests the 
impracticability of gill-net fishing from a lee shore . 
. In this extent of shore there is no spawning-ground known for either 
the trout or the white-fish, though the fishing is not carried on sufficiently 
late in the season to find the species named upon their spawning beds. 
From Kenosha to Sheboygan are some thirty boats, working the 
"large gill-net rigs," having from five to six gangs to the boat, and 
from twenty to thirty nets to the gang, making the string of nets a 
mile or more in length, and requiring a crew of five men. They run 
out from shore from eight to twenty miles, according to the range of 
the white-fish and trout at different seasons. The boats used in this 
region are principally what are called the "square stern." 
At Kenosha five of the boats are'' Norwegians," and one a steamer, 
remodeled from a large " Huron boat." 
At Milwaukee, for a time, the most of the boats were the sloop-rigged. 
"Norwegians," afterwards abandoned, and the square stern adopted ; 
ancl during the past year small steamers were substituted for some of 
these. 
On this line of coast, and farther north, where steamers land daily, 
the bulk of the catch is shipped fresh, in ice-boxes, to the Chicago 
dealers. 
In the northern half of this extent of shore there are some twenty-
four pound-nets, for the most part packing their :fish, as the steamers 
do not land at the points where they are located. . 
The catch throughout this region is almost wholly white-fish and 
trout, the gill-nets in the spring and fall taking a quantity of "law-
yers,"Lota maoulosa, that are thrown away as useless, except where 
a small local demand is supplied in the towns. The spawning- grounds 
begin to the southward of Racine, ·wis., and are found northward along 
the w bole extent of shore. 
At Two Rivers, and north to the islands, the boats are" Mackinaws," 
working the lighter rigs of gill-nets, with from eight to twenty nets to 
the gang, and three or four gangs to the boat, with a crew of from two 
to three men, and running out from shore seldom more than seven or 
eight miles. 
This is the character of the fi_shing with gill-nets-after excepting 
the Door Islands, where a few steamers and large sail-boats are used-
for Green Bay and its islands, the north shore, the Beaver, Fox, and 
Manito'! groups of islands, and the east shore of the lake, as far south 
as Manistee .. The gill-net catch, throughout this line of coast, is little 
else than white-fish and trout, except in Grand Traverse Bay, where-the 
black-fin, Ooregonus nigripinnis Gill, (Mss.) is found abundant. 
,.., At Point aux Barques and Seul Choix Point, a large type of the. 
Ooregonu8 albus is taken, feeding principally on the Mysidw. Fishes of 
eight, ten, and tweke pounds are common in every lift, while as high 
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as eighteen pounds are claimed to be occasionally taken. Gill-net.s with 
a mesh of ti ve inches are in common nse in this vicinity. 
The pound-nets, from the head of Green Bay as far north as Pesh-
tigo, take little else that are made nse of but lake-herring. A few 
pickerel and wall-eyed pike-clories, as they are called here-are packed, 
while sturgeon are thrown away. 
From Peshtigo, north, the catch is principa)ly white-fish, with a few 
trout, pike, and sturgeon. In this region of shoal waters these nets 
are frequently set four and firn miles from shore, some of them in forty-
five feet of water. 
The west shore of Green Bay iH the great pound-net region of the 
lake, about ninct~· pound-nets ha,ing been in use the past season. · 
Green Bay is the home of the wall-eyed pike, or dory, Stizostedion 
cmuTicana-as they arc here in larger numbers . than in any other part 
of the lake. 
The sturgeon arc taken in great abundance in this region., and are 
almost universally <lestroye<l. They come into the nets in great num-
uers in the early fall, aud are pulled iuto the boats with the gaff-hook, 
aml thrown upon tltc offal-heap. 
A pourul-11Pt, one long leader with a pound at each encl, was set at 
about six rnilcH from the land, .off Big llay de Noquet, on a 36-foot 
Hhoal. The proprietors owned a small schooner, which they kept an-
chorc<l along:-;idc. 'rl.1ey did remarkably well, catching a large grade 
of fish. 
From 8eul Choix Point, eastward to ~lack.inaw, and southward to 
Little Traverse, Michigan, the pound-nets are used with success. In 
Grand 'l'ra,ersc Uay, and at Lelan<l, they succeed during the fall sea-
Hon; bnt from this point south, along the east shore of the lake, pound-
net fi.Hhing has proved an entire failure and has been abandoned. 
From ~Ianistce, south to :Michigan rnty, the larger gill-net rigs again 
come into use, with four and five men to the boat. The fishing is done 
from se,en to teu miles from the shore, until, near Saint Joseph, the ''run 
out" reaches from twenty to twenty-fivo miles. There is no spawning-
gronnd from Sa.int ,JoHeph qonthvrnrd, an<l cousequently no late fall 
fishing. 
J.'rom )lanistee, south, the bulk of tlw fo;h caught are packed in ice 
nnd shipped fresh to Cllicago, an(l a few to the interior of Michigan. 
In the winter season, after the surface of tile water in Green Bay has 
frozen to a sufficient tllicknesi-;, the fishing is again begun to a limited 
extent. Holes are cut through the ice, with chisels made for the pur-
posC', and baited hooks are lowered, in hopes of finding a school of trout 
in the locality. If unsuccessful, other holes are cut at a distance apart, 
n~til the fish are found, when they are hauled out as fast as they bite, 
a fh;herman taking from twenty-firn to seventy-five a day, weighing 
from one hundred to t~iree hundred and fifty pounds, which are hauled 
home at nigl.it on a haml-s1(•(1. 
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Gill-net3 are set beneath the iee, by cutting holes a rod or more apart,. 
and sliding a line along from ~ne hole to another, until th~ desired di~ 
tanoo is attained; when a gang of nets is attaehed and drawn through. 
The :fisherman has a shanty, pFaeed on runners, with a section of the 
floor removed, and with a good fire in the stove, within a few feet of" 
him, he lifts his nets and removes the fish, entirely proteeted from the 
weather. 
During the past winter; a pound-n~t was allowed to freeze into the 
iee, and a shanty built over the crib, or pot, so that it could be lifted 
through the opening, daily, without inconvenience. 
8.-IN L.A..KE HURON. 
On the great~r part of the American side of the Lake Huron shores-
. the :fishing is done with gill-nets. There are a number of pound-nets in 
use in Saginaw and Thunder Bays, and a few at other localities. Seine-
fishing for the wall-eyed pike is done on a large scale near Bay City, 
Mich., on Saginaw Bay. 
Except at the northern end of the lake, the large Huron boat is used 
I1!l the gill-net fishing, and gangs of from thirty to sixty nets are set at 
from eight to twenty-five miles from shore. · At the northern end of the 
lake the Mackinaw boat is used, with fewer nets. · · 
The :ti-sheries of Saginaw Bay are somewhat unique in character. Gill-
nets are set in the ordinary season from the shores near the entrance of 
the bay. Pound-nets are numerous· on both shores up to the mouth of 
· the river; as many as two hundred have been in use at once. 
Close to the mouth of th~ river are the seining-grounds. Four or five 
80-rod seines are in use on each side. On the one side where the current 
sweeps shoreward they are made of coarse twine and. have heavily 
leaded lines, and are strong enough to carry ashore slahs, logs, and 
everything found in their way. ';rhe seine is laid out up~stream, and 
the current sweeps it on the shore below, when lines are made fast to the 
bag and it is drawn out by means of a 2-horse windlass~ On the oppo-
site shore, where the current sweeps out, there is the nec~ssity for lighter 
seines and heavy leads, .as there is a tendency to lift the lead-line from 
tile bottom and allow ·the fish to escape underneath ; a diffieulty that is·-
sa.id to h~ve never been entirely obviated. · · 
As soon as the ice leaves the river in the spring, the sein~s are swept. 
0ver the grounds, and usually immense quantities of wall-eyed pike, Stiz-
t>stedion americana,,, are taken ; several tons· are sometimes secured. in a 
single haul, and the result of the seasons' fishing is often two thousand 
packages. The fishing Qnly lasts apout three weeks. · 
The pound-nets take a variety of species. The wall-eyed pike is the· _ 
more numerous species, and the white-fish next. The fall fishing is: saiq; 
.. to be the more important for this.class of nets. ' 
The winter fishing is very extensive. H~les ai:e cut through the ice-
and gill-nets ~re set, pound-nets are allowed to freeze in, keeping only the-
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urf.·i., of the crib open. Wooden "lure-fish" ar.e used. attracting the 
:Mackinaw trout to the holes, where they are taken with the spear. Tem- . 
1
>0rary houses are built upQn the ice, until quite a village grows up, and . 
traders take out small stocks of goods and establish stotes. 
There is the most evident reduction of the quantiti(\S of fish taken 
:,hroughont the shores of this lake within a short term of years. 
9.-IN SAINT CL.A.IR .A.ND DETROIT RIVER$. 
At the bead of Saint Clair River, l~rge:fisheries were in <t>eration several 
years ago, but the enterprise bas gradually diminishe~,. as the fish be-
came fewer in numbers, until now three or four fisheries have the :fish-
ing-privileges almost entirely to themselves. 
Between the month of Detroit River and the city ar.e a number of 
fisheries, employing a large number of men in the fall of the year, and 
proving as lucrative to their proprietors as any :fisheries on the lakes. 
Tlte "Ponds" of Detroit River. 
These fisheries, known as ponds, are among the most extensive estab-
liHhments of the lake. Large numbers of white-fish are kept alive in. 
hem, from the fall of the year to late in the winter, when they are taken 
out, and sold in the·market at good prices. The best ponds are situ-
ated at islands in the middle of the river, where there is an ample cir-
culation of water, keeping the fish in vigorous, healthy condition for 
months. 
The pond is merely an inclosure in the river, made by driving piles 
close together, and aft.erward sheathing the inside with planks, leaving 
joints of three-quarters of an inch width, to allow the free circulation of 
water through the pond. At one end of the pond a gate is put in, 
hinged at the bottom of the ri\rer to a mud-sill, and the upper portion, 
floating at an angle of about 45°, projects a foot or more above the sur-
face, closing the entrance to the pond. By pushing the gate beneath 
the surface, with a pole, it is opened to the extent of one, two, three, or 
more feet, according to the depth the top of the gate is pushed down. 
The accompanying plate represents one of the best arranged and 
conducted fisheries on Detroit River. The buildings for the men, the 
net-house, and the store-house, with the windlass-sheds, are all in view. 
It will be seen that the fishing is carried on by sweeping a seine in front · 
of tho pond, that is drawn in by horse-power. When the brails come 
on shore the men haul in the seine until the bag is reached, when the 
leads are thrown over the top of the gat.e, which is then pushed down, 
leaving an open space at the surface, of two feet, through which the 
fish are emptied into the pond without being touched by the hand, or 
taken above water. 
At this fishery the seines in use are about one hundred rods long. 
A gang of thirty men. are employed from September to the middle of 
November, working in two relays, night and day, and averaging about 
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one sweep of the seine every hour. In each pond from twenty-five to 
forty thousand white-fishes, and a number of other ~pecies, are penned 
np every season. 
There are nine ponds belonging to American proprietors, and seven 
belonging to Canadians. 
10.-IN LAKE ERIE, 
Lake Erie produces large quantities of food-fishes of several varie-
ties. The wall-eyed pike-pickerel, as it is incorreotly named in the 
region-the blackbass, the white-fish, the lake-herring, the salmon'-
trout, and the sturgeon, are all staple fishes; while, besides these just 
named, a number of species of inferior food-fishes are shipped from the 
western portion of the lake, under the general class of " soft fish." 
The large quantities -of fish that have been taken from the western 
part of this lake indicates the fact that shallow waters are more pro-
ductive of numbers than the deeper regions. And this is not only estab-
lished by comparison with ·the other lakes, but is confirmed by the fact 
that the eastern, deeper, and larger portion of Lake Erie does not pro. 
tluce anyhing near the quantities. 
The western end, from near Huron, Oh10, is shoal, full of islands, and 
a very great number of pound-nets are in use, the.fish being carried to 
the adjacent towns; Sandusky receiving the largest share. In the other 
part of tbe lake gill-nets are principally used. 
11.-IN LAKE ONTARIO, 
From the information received from Lake Ontario, it is evident that 
the fisheries are more reduced than in either of the other lakes. There 
a,re few fishermen engaged on the American side, and but a compara-
tively small supply of fish afforded. · 
12.-BO.A.TS USED IN THE FISHERIES. 
The boats used in the fis,heries are of several kinds and constructed 
on very different models. The "Mackinaw," the'' Huron," ·or "square 
stern," the "Norwegian," and the "pound-boat," are the ordinary boats. 
The famous "Mackinaw" of the lakes has bow and stern sharp, a great 
deal of sheer, the greatest beam forward of amidships and tapers with 
little curve to the stern. She is either schooner-rig, or with a lug-sail 
forward, is fairly fast, the greatest surf-boat kn0wn, and with an ex-
perienced boatman will ride out any storm, or, if necessary, beach with 
greater safety than any other boat. She is comparatively dry, and her 
sharp stern prevents the shipment of water aft, when running with the 
sea. They have been longer and more extensively used on the upper 
lakes than any other boats, and with less loss of life or accident. The 
objection to the more general use of the Mackinaw is that her narrow-
,:ness ~ft affords too little room for stowage. They are employed entirely 
with the light-rig gill-net stocks, and are usually from twenty-two to 
twenty-six feet in length. Lake Superior, the northern half of Lake 
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1.t.rge portion of Lake Huron, are the regions wher~ 
· , ·n · u ·. 
, 11 uron ., ot- •• 1 uare stem" is the boat in most general favor 
, L , , gill-net rigs are employed. It iJJ the ordinary model o~ a 
11 r- ·i tl il-boat; with less sheer than the Mackinaw, but with 
, l · room for nets fish or half-barrels. The better models are 
. ' ' . firty h. 1 the Mackinaws. They are generally from t~irty to o 
a 1t·11 ~b • in most of the regions where they are employed the 
1 i done' much farther from shore than in the "light-rig" localiti~. 
·, 1u . into the history of loss of life and accidents among the 
r1 11 111 Lake Michigan indicates that these boats had suffered the 
1 • r I,,, no doubt, because of their longer runs out from shore. _ . 
'Ii " · orw-egian" is a huge, unwieldy thing, with flaring bows, great 
1 · , high sides, and is sloop-rigged. She is absolutely dry in all 
• · 11 •1 , and though perfeetly safe, alld with ample room, she is only 
h the Scandinavian fishermen, most other fishermen objecting to 
H n . . and the great labor of rowing in time of a calm. These 
· are in use in but very few localities. They are from thirty-five to 
J: · • feet in length. 
The poond-boata in use in the western end of Lake Erie are very well 
l , ·tl to the porposes for which they are employed. They are flat-
• • n c wide-beam, very simply-made boats, with a large center 
board, and carrying two very tall spars, and a wide spread of canvas. , 
They are quite fast before the wind, and very roomy. They are used 
in transporting the fish from the nets to the warehouses and freezing 
houses. They are usually forty feet in length. 
The ordinary pound-net boat is flat-bottomed, is wade from rough 
boards, and managed with oars only. 
The small steamers now used in a few localities are built much after 
the model of the small ril"er-tugs, but with no upper works, and with 
wide hatchways ext,ending along half the length of the deck. They a1e.. 
1 • only with the beavy gill-net rigs. · 
D-THE DECREASE OF THE FOOD-FISHES. 
The special inl"estigation in reference to the decrease of the food-
fishes was prosecuted among the fisheries of Lake Michigan. The im-
pression prevails that there is an alarming diminution of the food-ftshes 
of the lakes. This is the ordinary feeling among dealers, a majMity of 
the tlshermen, ancl the people generally. 
The supply of fish for the Chicago dealers has ste~di.ly increased with 
the demand, for a number of years, until this season. This is th.eix tea. 
timony, and is evidenced by statistics of inspection, kept on tile among 
the city's papers since 1864. This is to be attributed to the fact that 
the tierritory fl.shed over has increased in this lake, and that, wherever 
the lines of steamers and railroads are extended, fisheries are establisbed 
at new points. From Lake Superior, too, since regular communication 
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has been opened,~ large a,Illount of fish has been shipped. to the Ckicago 
market. 
. .13.-THE EVIDENCES OF THE DECREASE, 
·Statistics to prove decrease are hard to find, as but few records are 
.kept in the localities ·where the :fish are caught; when they have beerl 
preserved they show an evident diminution. · 




Fresh fish ..... : ...••..•••......•....•..•.•.••...•••..•...•. - ...•. - - • • • • • • • . 332,000 
Salt :fish, 6;351 packages .......... ~ •.•• ~ •.. - • • • . • . . . . • • • . . . • . . . . . • . . . . . . . . . . 635,100 
. 1868. 
Fresh fish ....•..•••••.••...........••.•.•••...•...•..•..•. - • • •.•. - -. - • • - ~ - - • 153,950 
Salt :fish, 4,679 packages ...•..•..............•........••.•.••••........... - . 467,WO 
1869; 
Fresh fish .••. , ..•.....•••.•........... ·• . . . • • • • • . • . . . . . . . . . • • • • • • • . . . . . . . • • . 185,356 
Salt :fish, 3,661 packages .............................................. : .. • • • • 366,lOD 
. . 1870. ' 
Fresh fish ........................................... _ .•••.•••.. · .....•.. . .•.• 203,100 
Salt :fish, 2,811 packages' ••. ~. . . . . • . . . • • . . . . • • . . . . . . . . . • . • . . • • . . . . . . • . . • . . . . . 281,100 
~ -
At this port the decrease has been fifty per cent. in four years . 
.A firm in Mackinaw, receiving yearly a large amount of fish, by teference 
to their books gave the following figures, as totals of shipment: In 1869, 
17,000 pacbges, of one hundred pounds e~ch; in 1870, 13,000 packages; 
and though they had not carried out their records for 1~7-1, said they 
would fall very much short of the figures for 1870. 
The best evidence of decrease in the numbers of the :fish is the testi-
mony as to the few nets use4 formerly, -with the same oi: gr-eater success 
than is had now with about three times as many. Formerly, too, many 
of the nets were made of coarse cotton, not as well adapted for entan· 
gling a fish as :fine linen twine; the mesh used was one-fourth of an inch 
larger, and, it .is claimed, the fishing was done much nearer shore. 
More labor, more expense, and more skill in the construction and use 
of nets are requiroo. now than formerly, anJ for the capture of a less 
quantity of fish. 
The white-fishes are smaller now t~an formerly; in earl;Y times it 
is said that on an average fifty gill-net fishes would make a half-barrel; 
now it requires about eighty or ninety. , 
Of the staple :fishes taken in the la.kes-white-:fish, Ooregonus albus.; 
trout, Salmo nama,ycu~h ; heITing, Ooreg-0nus cl·upeiformis-there has 
been an evident decrease of the white-fish and the trout. 
Occasionally, after several years of small -encouragement to the fish-
eries, at some point hopes are revived by a heavy run of :fish upon the 
shore. The investigation for decrease cannot be understood from the 
quantities of fish taken at isolated places; the fishes are not by any 
means distributed evenly throughout the lake, but range in large colonies 
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od r u near the shore at different points, while the majority of looali-
i• · m 1 • ••· entirely destitute of fish . 
.4.-WHEN THE DECREASE BEGAN. 
w O • t fishermen I have met claim.from twenty-five to twenty-eight 
y r fishing in the lake. They assert the fish to have been abundant, 
~ ,, i1 in near shore, and that hauls of large quantities were made with 
be dne. 
The custom in many places was to employ the Indians to watch the 
tiore for a near run of fish, and when discovered draw the seine around 
1 hem. Immense quantities were taken in this way. 
There are no recorded statistics that show a reliable calculation of · 
t l; ~ but the testimony of fishermen, dependent on their recollection of 
tl, •i , purchases of nets and changes in their modes of fishing, places the 
1 • •inning of a marked decrease within about ten years. 
15.-THE .A~OUN'l' OF DECREASE. 
The amount of 'decrease, in the absence of statistics of capture, cannot 
be decided very definitely. The records of shipments from Two Rivers, 
on ; previous page, show a decrease of fifty per cent. in four years. 
The reduction in the number of boats at different localities, perhaps 
ind cates to some extent the amount of decrease in the fish. 
n 1858 there are said to have been thirty-three gill-net boats·, fishing 
rom Milwaukee, Wis. In 1871 there were but fourteen. 
: 'l ween Kenosha, Wis., ancl Chicago, Ill., the pound-nets have 
diminished from thirty-six in 1869, to twenty-seven in 1871. 
At White-Fish Bay, Door Oounty, Wisconsin, formerly an extensive 
fishing-ground, there are now but three pound-nets. 
A profitable fishery at North Bay is now entirely abandoned. The 
pound-net fishermen at Two Ri VEJrs complaine<l of the scarcity of' 
white-deb, and one asserted that a law prohibiting pound-net fishing 
would not be a very serious loss, in consideration of the poor success 
they had had for a few years. Compare this condition of things with 
the record of 1864, in the report of Hon. Theodore }V endell to the 
Michigan legislature, in which, from four pounds, 2,soo half-barrels of 
fish were taken in White-Fish Bay, Wis., and with a few more nets a 
firm of fishermen, Sage & Douglas, took 4,000 half-barrels in the same 
region. The pound-net men generally acknowledge the decrease of the 
fish in their own localities, and attribute it to various causes. 
At Ausable, Mich., on Lake Huron, there are said to have been forty~ 
two boats in 1865; while at present there are but six. . 
The estimate of decrease, within safe calculations, is all of fifty per 
cent., which, in a period of ten or twelve years, is sufficientJy large to 
be alarming. 
16.-THE CAUSE OF THE DECREASE. 
If the take of fish, by nets of all kinds, is greater than the natural 
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annual increase the numbers must•of course diminish, and over-fishing 
is to be conside;ed in investigating the causes of decrease. _Still, it is 
very evident that much more wholesale causes than merely the num -
ber of nets in use exist in the lakes, the principal o~e being the capture 
in large numbers o.f small fishes by the pound-nets. 
- The taking of fuli-grown, matu_re fishes, so long as· all are p~eserved 
and used for food, cannot .be questioned as a legitimate and rightful 
occupation. The capture of half-grown, immature fishes is less le-
gitimate, not only from the fact that the number is diminished by the 
amount taken, but that the supply of full-grown :fish in the waters through--
out a term of years, being no greatei· th~n the demand, it is evide:qt 
that if this demand is filled from half grown individuals their numbers 
will diminish from year to year at an accelerating rate. And this ac-
celerating ratio of loss is see~ 'to be multiplied many thil~s, when we 
take into. ,consideration the fact that the supply is barely kept up if 
only those fishes .are taken whi~h are sufficiently maturec;l to have 
spaw~ed once or twice, while the destruction of fishes, too ,young to-
have 'spawned, must reduce the natural increase by perhaps hundreds in 
the death <ff each one. · ,,, 
If every fish ,tha_t had passed the precarious embryonic stages and 
developed' into a thrifty swimmer of four or ~ve ounces, had been al-
lowed to mature, and to spawn once,-or twice before i~ was taken out of 
the water, ~he supply of white-fish would not . have diminished to any 
great extent·. -' ' . . 
The capturtf of i~mature fishes is, without doubt, the principal cause 
of a decrease. 
The takjng of·fi.sh -.in too iatge quantities to allow of handling and 
preservati9ti,-the des_.Eruction of fishes too sma~l for use, or of others be-
cause they are not in a special line of fishing followed by certain :fisher-
men, or the capture, _when used, of those_ not old enough to spawn, are 
all entirely wrong and d~structive to ,the fishing~interests. 
(16 a.)' The pound-net9'.~In observing the lift-s of white-fish taken from 
the pound-nets duri~g the spring and summer seasons of fishing, along 
the west s_hore, thei.were estimated to contain from one-twentieth to one-
sixth of small fishes, that, wheh prepared for salting, entrails and heads 
1 
r~oved, ;would weigh less than eight ounces. Thes-e, among :fi.sherm~n 
supplying_ the·peddlers, are all made use of. A few fishermen prepare 
thein by a slight salting and sm_oking, and sell them in boxes; as smoked 
h~qi:µg, but the majority . are compelled to bury them, as useless, as 
th~y are smaller than any grade-recognized in the salt-fish market. 
, The inspection-regulations of the Chicago market, that are accepted 
throughout Lake Michigan, provide for three gra~es of white-fish,. with 
., reference to size. The inspection is intrusted to the judgment of the 
inspector~ without any very exact stipulations as to dimensions or weight 
of th~ different ,grades. 
S. Mis. 74-2 
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Tia· ;-;tau<lar<l of inspection, of the best inspectors, which is also ap-
pron~d by mo~t of the dealers, though uot establishing the grade by 
weight, virtually makes the minimum weight of a No. 1 white-fish about 
011<• and 011t>-q11art<>r pou11ds; a :X o. 2fish, about three-quarters of a pound; 
a1Hl the ,Yeig·ht of a :Xo. 3 fish, from three-quarters of a pound to less; 
t hi;-; is after the head and entrails are removed. 
On eo11utiug- ponnd-11ct fish, as they were repacked by dealers, fish-
ernu.-1t':,; nuim;pecteu packnge8, one lnmured pounds, were found to con-
tain from one hundred to one h111Hlmd and eighty fishes; in the latter 
<·ase the fl.shes averaging le~s thau uine onuces. Numbers of ~mall 
fishes, weighing from fiYc to six ouuces, are fonud in the pound-net 
packag-t•s. 
<'crtain loenlities, as the Horth shore of the lake, have a large type of 
th;h; l,ut of po1111d-11et white-fh;h, takeH in a season, throughout this lake 
the aYerag-e would not he above the No. 2 grade in weight. 
A11 a<l ,-aiitage the pounu-net has over the gill-net, or wine, in warm 
\H~:itlH•r, i:-;, that in a large catch of fish it is possible to take out just 
:-;11th a quantity at a, time as can be hanuled, leaviug the rest alivr, 
a11<l f1·<•sh until it ii-; convenient to retum for them. 
In thl' gill-nets the lift must all be brought ashore at once, an<l what can 
h<• dr<•sst-<l a1J<l pa<:kc<l in a few hours are nsed, wliile the remainder 
:--poil arHl have to l,e thrown away. 
l'ou11d-11et fish arc generally 1mpcrior to gill-uet fish to ~hip fresh, 
l1eca11s<· tltt>.V are always fresh "·hen put in the ice-boxe8, while those 
fro111 the gill-11eti.; rn.iy l1aYe been dead twenty-fonr honrs or more. 
(l(j b.) l'ltc fJill-11ef8.-'l'h<· wltitP-fish taken in the gi1l-n<'ti-;, in Lah• 
.:\liclrig·an, will a,·erag" 1111wlt l1igh<·r than Xo. ~ fish. Frnm reforc1we 
to 1111' hook:-; of d,•alnn; in ('hieago, a1ul :111 exh111ue,L ol>scrnttion of the 
;.:ill-11et fi:-d1ing·, it ii-; eYi«l<·11t that 1 IJ<•. entil'I~ cat<·h of' thn la-kn would not 
g-i,·e a~ low :111 ;in•rag·c weig·ltta.-; 011e a11d 011c-quart(\r po1rnds. 'l'lw i11-
:--p .. ctio11 of 1ish1•1·11u·11's sl1ipm<•11h; of' g·ill-nd fish SP]dom affor<ls as low a 
proportion of :Xo. I lish a:-; 011<·-half'. 
'1'l11• r,·:iso11s for tlH· larger :-;i ✓,c of till' gill-11..t fi:-;]t am in tl1e facts re_ 
frn,·cl to 011 :111otlwr pag·", i11 refen·11cc 1o th" hauit of the immatum 
w!1it,·-fisl1 to rPmai11 111':tt· tli«· :--l1on•, the ]cast uepth e111ployecl for the 
gill 111"1s, llf'i11.~· twi·iY<· or fit't<•e11 fatl101ns, l'lltil'«·ly ont:-;i<le of the ra11g<~ 
•d· tlw :--111;illt>r whit1·-li8h. 
Tl11· ;.:·ill-111•t~ <le:-;trn,r a great 11i:111y li81t i11 time of storms, wlwn the 
li.,h«•rn1t·11 ;1r" 11ot a!JI«· to ,·i:--it 1 h" 11<:ts for <l:i_p.; at a tim<•, two or tl1r<'e 
d:t.H li1•i11g· s111li,·i,·nt d11ring· tlH· snrnm<•r u1011th:-; for· th<· fi.-;h to <lie a11<l 
l11•,·011"• t:ii11t«·d, wlw11 th,·y an• tltmw11 on·l'bo:ml to rot 011 the fishing: 
;.:rn111Hl-.:. m;1 I, i11µ; it olfr11~in· to tlH• whit«·-lisli :111<1 <lrid11g thrm away. 
Tl1<· .:.:·il!-11ds, wlw1t tlwy :ll'C lo:-;t, d,·strny lish hy <·11t:rnµ;li11g- th<·11; u11-
t ;1 t Ii!' tloat:-- IH•t·o1111· wat«-r-lo.~-gc<l a11d siuk. 'l'hey li:n·<· lw<·n µ;rappleu 
1q,. t \ro .u•;1r., at'tt-nrar«b, wl1ile s1•:1rd1i11g· fin· 11d~ J'<•<·<·ntly lost, full of 
tlt ·t· 1y1·d fi.,~1. Tl1i, i, qJtite :111 1·xh•11:--in1 ag·1·1wy or <1estr1l<'tio11, :1s :i 
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great many gangs of nets are lm,t in the lake every year by heavy 
storms, aml many iu the late fall by being left out until storms and ice 
prmTent their recon'r~'. 
A species of fish of good size and really fair flavor is destroyed in 
large quantities in certain localities by the gill-nets, from the fact that 
t11ere is no demand for it in the general market. This is the so-called 
"lawyer," the spotted bur\.>0t, Lota maculosa, oneofthefamilyof Gadoids, 
to which belong the cod, the haddock, an<l. the ling, all well received 
in the market. The lawyer is rejected because of a pr~judice against 
its appearance. The peddlers in Uhieago, and the proprietors of fish-
stands in Mil wankee, find no difficulty in selling it. The livers are very 
large, and are occasionally obtained in quantity, and regarded as a rare 
dish b,y experienced persons. 
(lG a.) Throwing o.ffal on the fishing-gronnds.-It is the uniform testi-
mony of all fishermen that throwing offal or <lea<l. fish in the vicinity of 
the fishing-grom1ds is offensive to the white-fish, and drives him away. 
The white-fish is peculiarly cleanly in its instincts, and has an aver-
~ion for muddy or fonl water of any description. Most fishermen regard 
their own interest snfficit'ntly to be careful in this particular, while many 
careless a,rnl shiftless men injure themselYes and others by dumping 
offal and dead fish auywhere in the lake where they find it convenient, 
reducing the catch of fish in the vicinity for s~veral months. Unsal-
able fishes are generalls· thrown overboard in the vicinity of the nets. 
(16 d.) Pollution of lake-water frorn sawdust.-Therefuse from the saw-
mills, shtbs, sidings, and sawdust, is thro,vn into the streams in immense 
quantities to float ont and sink in the lake. It is having a very injurious 
effect upon the fisheries. The water-logged slabs, tilted on the bottom, 
and moved by currents, tear and carry away the nets. The sawdust 
covers the feeding and spawning grounds of the fish, and is so obnox-
ious to them that in the vicinity of numerous mills, as at Muskegon, 
Mich., the fisheries become greatly reduced in numbers and success. 
The observations of Alfred Blais, a fishery-overseer in the employ of 
the Canadian marine an<l fisheries department, discovered the salmon-
ova, diseased and decaying, with particles of sawdust adhering. Its 
contaminating effects extend far and wide from the vicinity of the mills, 
as the contents of a dredge, from one hundred fathoms depth, in Grand 
Traverse Bay, contained. numerous blackened. and decaying particles of 
sawdust. 
The gradual deposit of water-logged sawdust, an inert substance, 
in the water, with occasional slabs, forms nuclei for sand-bars in the 
mouths of the rivers, and in some of them vill contribute to au injury 
to navigation, as it has to a considerable extent in the Menominee 
Hfrer of Wisconsin arnl Micbigan. 
B-J>HAUTICABLR Ml~THODS OF INUHEASE. 
It is a matter of great importance that means should. be immediately 
employn1 to arrest fnrther decrease iu the 11nmbers of tlw lake-fishes, 
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antl an effort ue made to restore them to their former numerous con-
<lition. 
TlJere are two metl10ds that present themselves to accomplish this 
purpose. The more efficient one is artificial propagation; t,11e other,. 
uecessary as an auxiliary to the first, is legislation. 
17.-PROTEC'l'IVE LEGISLATION. 
The experience of the past, both in Europe and the older portions of 
our c.ouutry, indicates the inadeqnacy of protective legislation in pre-
Ycnting the decrease and extermination of the food-fishes. 
Ju tl1e compilation of the laws relating to the protection of :fisheries. 
in )lassachnsetts, pnblished in the sixth annual report of the commis-
sioners of iuland fisheries of that State, there were three hundred and 
fifty-nine acts, passed by the legislature of the State between the years 
rn~:~ and 1857, involving directly the protection of the food-fishes. In 
18;,7 the first provision for propagation was made. Until this timer 
though the law had the influence to retard the decrease, it had not pre-
n11ted it, and the salmon were exterminated, while the shad were 
reduced in m11nuers, .until the fishiug was unprofitable, and their price 
in the market very high. 
'fhe propagation of the sha<l reKtored their numbers in a few years 
until they were more abnndaut than for fifty years previously in the 
Uormecticnt River, wlJere the experiment was made. 
The alewivei;; were rapidly reuewe<l in numbers, and the effort is now 
being made to restore the salmou. 
The fish-protection laws of Great Britain date back before the Mid<ll(} 
Ages, while the restoration of numbers in the salmon is owing to fish-
propag-atio11 oy the artificial methods within the period of a few yearR. 
'l'his has bee11 the ge11eral experience. 'l'he effect of the law, when 
rnost ctlicieut, has been merely preservative, while that of propagation 
is rcstoratiYe. 
The greatest uec·eR!':lity in the way of legislation in the lake-region is 
the protc·ction of the immature fo,he:-; frorn capture and destruction, and 
tltis should he the priucipnl aim of la,w::, regulating- the fisheries. 
To accomplish tlJis, a great many luwe ad vocate<l the entire prohi-
uitiou of the use of ponll(l-uet:;;, hclie,·iug it to be the simplest effective 
way of disposing. of the matter. It mnst Le understood, however, that 
it would work min to eYet',Y pouml-net fisherman. The nets and boats 
arc entirely nReless for any other purpose than pound-net fishing, and 
the tislu·rman's entire propert,y, with comparatively few exceptions, is 
i11n:ste<l in his fishiug·-stock, occasionally reaching a figrn·e as hig·h as 
four or fh·e thowmncl dollars, a111l rarely as low an amount as four hun-
(ll'e(l dollars. Beside8, though it would arrest the decrease, it would 
1·e(lt1cc• the product of the fislwries for several year~, bPcam;e of the great 
<lecr,·asr in th,· 1111mb<'l' of Hets, :tll(l the ,rltole fishing-interest:-; of tlie 
lal,es in tJi,, markd ,rnul!l be <•111barrassetl in COll1-i<·qnencP. 
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The pm,sibility of handling the fishes over as they are dipped out of 
the "pot" or "crib," and sorting small fishes out, to escape, while the 
larger on.es are reserved, has been frequently suggested. The objection 
to this would be chiefly the fact that, owing to the delicate nature of 
the white-fish, it would not endure rough handling_; and, if the regula-
tion was established, there would be no probability of its enforcement. 
That it is in some measure practicable, i_f carried out, may be known 
fr)m the fact that a fisherman., formerly in North Bay, ·wisconsin, took 
bis fish from the pound-net, one by one, and bled them before he threw 
them into the boat, the smallest were thrown overboard unharmed, 
and most of them swam off vigorously, though many died from l.Jandling. 
His pnrpose in bleeding was to pack a firm-fleshed, white-meated fish, 
for which he received a fancy price from some one in Ohio. 
The enlargement of the mesh in the pot or crib is perhaps the most 
practical regulation that is likely to aecomplh,h the purpose intended with-
•out inflicting injustice upon the fishermen. The mesh in present use is 
from one and one-half to three and oue-fonrth inches in length, exten-
sion-measnremeut-that is, measured through the length of the mesh-
opening when drawn. taut. This makes it from three-fourths to one and 
five-eighths inches from knot to knot. For the capture of herring, the 
smaller mesh is considered necessary, while, where the object is to cap-
ture only white-fish, the larger mesh of three and one-fourth inches is 
sometimes used. 
Uomparing the gill-net mesh, nsually four and one-fourth or four and 
one-half inche~, with the pound-net mesh, it will be observed that the 
difference in size is not the only variation in condition to be considered. 
The fine twine of the gill-net is more unfaYorable for the escape of a 
fish than the coarse twine or cord of the pound-net. Besides, while the 
g-ill-uet, by means of nicely-balanced floats and weights, stands in the 
water comparatively slack, the sides of the pound-net are drawn up 
with the meshes open, and standing taut and firm, are much less apt to 
entangle a fish while attempting to pass through. It is seen from this 
that although four and one-fonrth inches are small enough, perhaps too 
smalJ, for the gill-net mesh, the same dimension is not required for the 
ponwl-net. 
Still, with all the ad ,Tantage that a tant, open mesh affords them, the 
habit of the fish to remain fJnietly in the '' pot" until it is lifted to the 
surface has to be taken into consideration. Of course the greater 
facility of escape, the greater number of fishes that will avail themselves 
,of it. 
It should not be considered an unfair demand that all white-fishes of 
less size than the minimum of the inspection-grade No. 2 should be ·-
allowed the mean~ of escape. By a series of measurements it has been 
ddermine<l that a X o. 3 white-fish will measure about seven and three-
fourthi-; indtes in tho girth. This wonld require for its escape about 
thret' and tlir<'P-fourths inches, Pxtension-mcasurernent, or one and seven-
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Pig-ltt Its i11ches from knot to knot. rru allow fur shrinkage, after satura-
tion with tar~ the mesh when uetted sl10nld l)C at least three aud seven-
Pighths i11che:--, extPnsion-111easnr<•tuent. 
Then· ar<• a f<·w l<waliti<-•s in tht> lakt>:-; where hening are utilized to a 
large exteut. In the shoal region:-- of tlie lakPs, and especially in the 
shallow hay:--, the lake-herring are alrnu<lant. In Green Bay, an arm of 
Lak<' .:\[i<·higa11, to the south of tlte :\Ienomince H.iver, at Mackinaw, 
:\lkh., a)l(l Yi<·i11it.r, a good many lake-hening are handled, thougll 
they are by 110 mean~ a:-; Yalnable to the tishermcu as either white-fisll 
01· tro11t. In the western end of Lake Erie, cspecial1y in the viciuity of 
:-;a1Hlm,ky, Ohio, th<',\' arc taken in large numbers. In all localities 
wlwre fishing is carried 011 ,rith the poaud-nets, or near the shore with 
any IJ('ts, herring are take11 to a limited extent, and are geuemlly not 
111ad<· us<· of. 
Of course when the ti:-;heries <lcpen<l 011 tlte catch of herring for their 
support, a large mc:-;h wonl<l be fatal to them, and it is doubtful whether 
a 111t•sh larger than one arnl 011<~-lialf inches could l>e used with advantage. 
The statisti<'8 of nine principal fish-markets on the lakes show the 
proportio11 of lakc-herri11g lrnudled to be one-sixth, while the low rates 
heni11g command in the market wonl<l produce only about one-thirtietll 
of th<· a111ou11t rcali,;ed from the whole qmrntity of fish handled. Tliis 
shows tlH· small value of the herring, to the fo,hermen, iu the herring-
loealities. In the whole pr0<l11ct of the lakes it would be of much less 
COIIS('(( 11('11 ec. 
It will l>e seen, from the foregoing Htatemcnts, that a law regulating 
the si,;e of mesh, t/1 the great ad vantage of the better species of ti shes, 
wo11ld not he yery in.i11rio11s to the fii,hi11g-intcrests aR a whole if it allowed 
the es<"ape of the l1<-•rri11g. Still, as the discovery has been made, this 
fall, that the heni11g· foed very extensively 011 the spawn of white-ti:-;h, 
th<·n• is a11 advantage in taking them from the lake. 
Prnhi biting fishing at, <·<·rtain :-;ea sons of the year hm, been an on1i-
1wr~· rn1•thod of h•gislation i11 protecting the tish, :111<1 has proved to l>e 
of gTeat :11h·a11tage i11 ~trea111s and i11la1l(l watm·R. rl'hc great lakes, in 
th1• parti<·11lar of fisl1i11g, ass1111Hi Y<'l',Y much the character of the sea, 
a11cl tlte s:11111• <'lass of l<-·g·islatio11, lwm·fiti11g streallls mHl inlaud waters, 
i:-- 1101 r<·q11i1'<·d for tlH•111. · 
. \ do:--<• s1•;1:-;011, fro111 ~at11l'(la,r 11ight to .:\l01Hlay morniug, has ue<-•11 
1·<·<·01111111•11<1<·1l by Stat<· co111111is:-;io111•rs of 1-iomc of the Hra-l,oanl Htates. 
Tlii:,; t·011l1l I><• adopt<-·d i11 the case of tlte po1111d-11ets, but it wonhl uot 
lw prn,·t i<·:tlJll' with the gill-11ets, as it wo11ld be 11<·arly i111possible for 
th,· lislH·nm·n to tak<· 11p sen•ral ~·a11gs of m•ts 011 S,ttunlay night, :111<l 
n•.-.;d th1•111 011 ~fo11<la)·. 
I 11 t1w <·as<• of the po1111<l-11<'ts, tl1e <•xte11:--io11 of leaders to great di:-;-
t;111c·<•:-; fro111 th<· shor<' is an alrnse of' the fishi11g-priYileges, as it ol>-
stl'lld.,. to t,H1 .'. .. ::n·at au f'.\t<·nt. th<· 11at11rnl riu1wa,ys oi' tlte tislt<'s, and 
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infringes on the rights of other fishermen, on each side, by prennting 
the access of fishes to their nets. . · 
A law restricting the numlJer of pound-nets to the 1nile, along the 
shores of the lakes, would be a favoralJle regulation. 
The gill-netters, though having had much less influence in diminish-
ing the numbers, woulu as:-;ist the increase, to a large extent, if they 
restored the mesh of the gill-net, now genentlly fonr and one-quarter 
inches, to the original four and one-half inch mesh. A discrimination 
should, however, be made in favor of Grand Traverse Ray, where tl1e 
larger portion of the catch is the black-fin, Argyrosom,its -nig,·ipinnis· 
Gill, ·which does not attain an avera,ge weight of more than one pound. 
A regulation prescribing the size of meter and sea ming, and enfor<'ing· 
the re11ewing of the same, and also the stretcher-lines of gill-nets, wonhl 
be ntlnable, as great numbers of fish are destroyed uselessly by the 
breaking away, in storms aud current8, and loss of the nets in the lakes, 
which continue to capture fish until the fioRts become water-logged 
an<l sink to the bottom. 
The catching of ,vhi.te-iish dnriug the 8pawniug-season, from XoYem-
ber 10th or 12th to the middle of December, is often censuref1. H will 
be olJserrnd that though the ova at this seaKon of the year are ready to 
be deposited, aud produce, in the course of a, few months, young fish, 
there are no more eggs destroyed at this season, in killing sucll fish, than 
at an earlier period. Nor is tlle production of the next season's stock of 
young fishes any more diminished by taking the same number of fishes 
from the water in November than in Angust. The objection to taking 
fish at this season is, that they run into shoal water, in large schools, 
and are taken in greater numbers than at any other season of the year. 
There is no fault found with the quality of the fish taken in the cold 
waters of early winter, and the largest quantities can be handled with 
safety, because of the favorable weather. 
The only run of fish the :fishermen can look forward to, with cer-
tainty, is tlle run of trout upon the reefs in October, and of white-fish in 
the shallow waters in November. Though the previous months have 
been unprofitable, they look forward to this Heason with certainty of 
l'iorne success if it does not prove too stormy. 
There is a ,vastefnl destruction of fish in the killing of sturg·eon in 
certain localities. In the waters of Green Bay they are taken by thou-
sands in the early fall i11 tlrn pound-nets. The fishermen make no use 
of them, and cousidering tllem au annoyance, draw them into the boat 
with a gaff-hook, anu throw the carcasses on the offal-heap. Thou-
sands of pounds of foo<l are destroyed in this way every year. 
The firm of Schacht Brothers have attained quite a degree of wealth 
during the past six years, iu the city of Sandusky, Ohio, by utilizing 
tlle sturgeon. They smoke the thicker parts of the fish, makiug a su-
perior snb~titute for halibut, manufacture cadare from the oya, isin-
glass from the lJla,Mers, and oil from the thin pa.rts and offal. 
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Green Bay is, perhaps, the on]y locality on the lakes where this can be 
repeated with success, and it is well worth the attention of some one 
with a small aniount of money to invest.• 
It is the universal experience of :fishermen that throwing offal on the 
fishing-grounds is offensive to the white-fish and destructive to the fish-
ing-interests in the locality. A stringent law should be enforced in this 
particular, as it is generally a shiftless, lazy man who is guilty of this 
injury to bis more worthy neighbors, as well as to himself. 
In this connection it is well to refer to the fact that sawdust in many 
lumber-mm localities is thrown into the streams, or is used to bank out 
in the shoal waters at the edge of a river; great quantities of it floating 
out aud water-logging,settle on the spawning-beds and feeding-grounds 
of the white-fish, to decay, and drive them from the locality. 
With this discussion of the effects of different laws upon the fish-
ing-interests we would refer to the enlargement of the· mesh in both 
pound-nets and gill-nets, prohibiting the throwing of offal upon the 
fishing-grounds, and the useless destruction of sturgeon, as the most 
necessary and desirable regulations to be e~tablished by legislation. 
It will be observed that the varying character of the fishing in differ-
ent regions requires discriminative legislation in favor of certain locali-
ties. Where the lake-herring is the principal fish taken, a mesh larger 
than two inches would allow their escape. The provision of a close sea-
son, during the hot months of the summer, though, it will be seen, it 
would afford au ample season in the spring and fall for the fisheries in 
most localities, would debar all successful :fishing to the larger extent . 
of the Illinois shore, where this season of the year is the only time when 
fishing is attempted. The enlargement of the gill-net mesh to four and 
a half inches, though a favorable regu]ation for all other portions of the 
Jake, should include an exception in favor of the region of Grand Traverse 
Bay, Michigan, where the black-fin, a fish averaging much smaller in 
size than the white-fl.sh, is taken in large numbers. 
The Canadian laws are sweeping and stringent in character. By ex-
acting license-fees from the :fishermen they control the extent of fishing 
in all localities, and limit the number ot nets to each mile of tbe shore 
in accordan~ with the judgment of the fishery-officers. Their system 
of laws and policing the whole extent of shores is an expensive and 
cumbersome method of protecting the fishes, and it is altogether prob-
able that the large amount of money, $20,195 in the year 1871, used 
for this purpose, would increase theJ)roducts of their fisheries to a much 
greater extent, if expended in the propagation of those fishes adapted to 
artificial culture. 
18.-.A.RTO'ICIAL PROP .A.G.A.TION. 
By far the more successful method, in restoring the numbers of food-
11.shes, is th~t of artificial propagation. During the past se,Teral years, 
the salmon m Norway, Sweden, Germany, France and the British isles, 
"Since undertaken. 
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have been increased to a Yery large extent from the breeding-houses at 
Huningen, Stormontfie1d, and elsewhere. A yearly increasing supply of 
salmon has by this means stocked the exhausted rivers of Uanada. The 
shad and alewives have been restored to many of the eastern rivers, and 
the brook-trout has been reared in great mimbers, and many streams and 
localities where they had al ways been unknown have been stocked with 
this farnrite fish. 
Of all species except the shad, those of the salmon-family pmrn to 
be the best adapted for artificial culture. The eggs are readily impreg-
nated, are specially adapted to being handled, to endure transportation, 
and lie free and separate at the bottom of the water, incased in an 
investing membrane thick enough to protect the delicate embryo from 
the hard contact of the gravel, or glass, or wire screens upon whieh it 
is necessary to place them. 
( 18a.) History of the white-fish culture on the hikes.-It has already beeu 
:--lwwn tllat by far the most important fish of the lakes is the white-fish. 
Tlle fish cnlturists in the vicinity of the fakes, having the knowledge of 
the rapid <lecrease that had been goiug on in the numbers of this species 
for the past few years, appreciated the aclYantage that their .art might 
afford should the white-fish prove to be adapted to their methods of 
culture. 
Three promiuent fish-culturists in the Yicinity of the lakes began 
their experiment about the same time: Mr. Seth Green of Rochester, 
N. Y.; l\ilr. :N" elson W. Clark, of Clarkston, Mich.; and Mr. Samuel 
Wilmot, of Newcastle, Ontario, Canada. Mr. Green and Mr. Wilmot 
obtained spawn in the fa11 of 18G8, and Mr. Clark in the fall of 
1869, an<l treated them in the same manner as the brook-tront. These 
experiments were all attended with considerable success, though the 
large perce.ntage of loss, compared with that in trout and salmon 
hatching, was anything but encouraging. The screens in the troughs, 
in most instances, -,:vere the same as those used for the trout, and the 
~mbryo white-fishes, being smaller, escaped and ra.n over into the 
waste-tronghs, and down iHto the ponds below. This was in some 
measure a fortunate circumstance, at Mr. vVilmot's establishment, for 
the young fish, finding their natural food in the ponds, grew antl thrived, 
ai1d afforde<l the only positive data there are of their rate of growth. 
In the succeeding year Mr. Green and Mr. Clark made additional 
experimeutN, and from the experience of the preceding year, ha-ving 
learned the necessity of immediate attention to the white-fish eggs 
after they were placed in the troughs, began the work of removing the 
unimpr<'gnated eggs within two or three days' time, and, gfring them 
close attention, during the season hatched out a much larger percent-
age of eggs. Mr. Green, in 18139, distributed a quantity of the white-
fish spawn to numerous applicants who responded to an advertisernent 
offering it for distribution. Some packages of spawn, from this sup-
ply, were sent by steamer to Mr. Frank Bnckland, inspector of salmon-
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lisliPri(•s for Great Britain. fo referring to the condition of tlie eggs, 
011 their anintl in Lo11do11, lte says, '-..:.\.. g-oo<.l proportion of the ,,llite-
ti:--11 <·gg·s wpn• ali,·e a11d well.'' 
~0111e temporary trongh8 were put np, in Detroit, l\Iich., and snpplied 
\\·itlt tlH' <n-a, u11der the direction of ::\[r. A. 1\1. Compeau, l\Ir. J. P. 
< 'lark, \fr. ( ;porge Ulark, and Mr .. J runes Uraig. 
Expniments "·ere again made l>y Mr. Green, :\Ir. Ulark, and 1Ir. Wil-
111ot, ill 1.,rrn. More than a million of ova were supplied by the liberality 
of :\fr .• l. P. Clark a11d George Ulark, ,ritlwut cxpem,e, from their ponds 
ill Detroit rn,·er. )fr. Green abo made experiments in the breeding of 
salmon-tront a11d lake-lterring, with so11ie success. 
In IS,L these ge11tlenw11 jnst referred to, from Detroit a11d ,·icinity, 
failing to aronse the interest of the State authorities in the matter of 
lisli-propagation, to the rxteut they desired, fnrni8hed l\fr. :X. ,v. Ulark, 
of ( :1arksto11, ,rith the ncccs:-:;ary f111Hls for the erect.ion of a buil<liug, 
sixty-fonr feet iu length hy twenty in width, in which were pnt Hp 
t we11ty-six troughs, 8ix.tccu feet long and 0110 foot wi<le. The e11tirP 
h11ildi11g \\'HS <len>tc<l to the hatching of ,rhite-fish, and the unntber of 
,·g·gs laid do\\'11 csti11rnteLl at about one 111illio11. 'fhe experience of the 
prnions y<>:.11·s ai<l(•<l ~Ir. X. \V. Ulark to a n1ost complete :-;ncceHs, aml 
Ii.,· tlie 1st or April the fish heg·a11 hatching, and l>efore the 13th of 
thP 111011th tlw troughs were swar111i11g with ,ronng white-fishes. lk-
t,u•p11 the '..!0lh awl th11 :10th of April these were all <listrihutrd by Mr. 
('l:irk in a 111tmlJer of' i11la11<1 lakes in Oakl:rnd ('oirnty, Miehignn, awl 
i11to tlt1\ l)(•troit Hirer . 
.:\fr. \Vil111ot ag·ai11 proc11re«l aho1tt 0110-half milliou of whitn-fislt rg·g-s, 
\I hid1 \\'Pre lia1ull<'d "·ill, irnpron.·d snccei-;s. 
~Ir. nr('l'll g·arn less sp:tC() to ,rhite-fish cµ;gf'; thi:,, 8ea8011, and laid 
d,nnt lar.~·(• q11arttiti,,.-; of' sal111011-tro1tt o,·a, with the purpose of <listrihu-
ti11g· tlw tront in the i11l.1111l ,raters of the Ntate. 
In lS,~ a11 ernploy,: of' \Ir. <:1•ppJl ,lc,·ise<l a new apparatns for hatch-
ing· lisli, that (•«·1>11011iizP1l spa(·e to a grnat ext011t, allll affor(le<l l1im 
1·111>111 for a larg·p suppl,,· of' uotlt sall11011-tro11t a111l ,rhite-fish ont. \'isit-
illg· his (•stahlishJ111·11t in ,Ja1111ary last, ,rn fonud tltcu1 hatchc(l 011t in 
Ltrg,• q11a11t it ii':-;, a1Hl ord,·rs ani,·i11g 1laily fo1· tl1n fry, to st.oek the waters 
ot' i11la11d l,1k1·s i11 all parts of tlw Stat,·. 
\Ir. \Yiln1ot oht:iiit(•<l a s11ppl,r of ,rhitl'-!ish spawn at Sa1Hlwich. on 
tlH· ('a11adia11 ,id,· ot' tltP lk,rnit Hi,·<·r. 
\m 1•11ilwr l ltl1 J 1111•! _\Jr. \. \\-. ('lark ilt Et:01·s1• , :nd i11 eo111pa11y 
\\itlt ~Ir. c;,org(• ('lark m• ,i.-.;it,·il nr;tssy hla11,l t~,I' ti1,~ plll'lH):;e of ol>-
tai11i11~ "l1it11-lblt spa\\11. Th<· box "·J1i<·lt .\Ir. X. \\-. Clark has (1<•Yisl·d 
for 1·;11T.,·i11.'.4· m·;1 is (•011:-;tnwtl'd St> as to e,tl'lY :1 f•Teater u11a11tity of 
1·;!_·,!.:;..;, \\ it Ii ••asin !·a1Ti:1g·<·, tliall any i11 p1•pse11t 1~s<'. ·It is a la.rge R<l;tal'C 
ca11. ot' zirll'. about tliirt(•e11 i11el1l• . ..; :-q11arn a11<l twenty-two i11ches (leep. 
Tl1i,. f11r prot,·«·tio11, is sd i11:--id 11 or a strn11 .~· \\'()!J(lPII uox, with a light 
fr:111!1• i11 tlw hot 10111. supp·,rtf•d on stiff :,,;p1·i1tgs. Strong- lurn1ll<1 s ar<' 
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fastened to the box, for convenience in handling, and to prevent any 
necessity for throwing it out of level while carrying it. The zinc can 
contains ten trays, each of ·which carries fifty-four small boxes, two 
inches square and two inches deep, set in compartments, each compart-
ment having an inch hole cut in the center. The partitions between the 
compartments are just high enough (aboL1t five-eighths of an inch) to 
inclose the bottom of a box, and hold it firmly in its place. No coYers 
are provided for the boxes, but a large co-Yer can be :fitted to the zinc 
can, and a lid, with a good lock, is fitted to the ontside box. The bot-
toms of all the little boxes are perforated, the position of the holes 
being directly over the circular hole in the compartment of the tray. 
The zinc can lJas also holes in the bottom, and the wooden box has 
three-quarter inch boles bored on each side, near the bottom, so that 
. there is drainage for the snrplus water of all the boxes, and a free cir-
culation of air throughout, which is deemed important by some of the 
fish-cnlturists . 
.At the island the most perfect arrangements. were prodded by Mr. 
George Clark for obtainjng the spawn. Two tanks of about :five feet 
diameter were placetl at the edge of the shore and partly filled with 
water. .As soon as the bag of the seine was on the beach the men 
picked up tlJe white-fish and put them immediately into the tanks. The-
pans for impregnation were close at hand, and as one man lifted the-
.fish above the water in a dip-net, another took it from the net, and with 
his right band over the head of the fish and his left around the tail he 
held it over the pan, standing at the left of the operator. The left 
hand of the operator was put against the back of the fish and the right 
hand used iu manipulating the abdomen. It -was found that to induce 
the eggs to flow freely from a fully ripe female, all that was necessary 
was to apply a gentle pressure just behind the pectoral fins, just where 
the nudging and bunting of the head of the male fish is applied while 
racing her through the water. Not until the greater part of the free 
eggs had fallen into the pan was it necessary to slide the hand along 
the abdomen. The free eggs came away in a steady, li,1uid stream, but 
from a fh-;h partially ripe their extrusion was slow, and in rnasses com~ 
paratively dry, that did not, freely disengage themselves from the :fish 
and fall iuto the pan. 
The female exlJibited the most h1dicatiom-1 of pain when the pressure 
· was applied in the vicinity of the ovipore. The milt from the male will 
flow in fi:om one to three jets hy pressure in the vicinity of the anus. 
Tlle method employed. by l\1r. X. W. Clark was that which was oriid-
nal with ~Ir. Seth Greeu, using· the l'.-lmallest quantity of water possible. 
The eggs, after falliug into the pan, and the milt having been stirred up 
with the water, were allowed to staml about half an hour, ,vhen· the 
milt and water were poured off anu the egg~ carefully rinsed through 
several chc111g-es of ,rnter. .A small quantity of water was left with the 
egg~ \Yll('ll they wvr<· perfedly dean. 
~~ HEl'Olrf OF C01'DIIS8IO~ER OF FISH AND FISHERIES. 
By repeated actual count.-.;, and by arranging on a plate in a true 
:-;quare, it was found that a large talJ]e-spoou, moderately heaped np, 
<'011tai11e<l about a thousand egµ;s. 
Eig-ht ripe ,Yhlte-fish eggs will lie entirely within the space of an inch, 
a11d the nintl1 will lie partially acro:-;s the line. 
A pat of mo:-;s was then put into the cups an<l a -piece of canton flan-
m~l, <·nt into the for111 of the Swiss cross, after thorough saturation 
with water, was pressed liglitly down into the cup, and a table-spoonful 
of Pg).~S ponre,l upou it. The canton flannel was used to line the sides 
of the boxes, becam;e it was found that the contact of the zinc was 
fatal to the eggs, probably from the poisonous elements of the oxide. 
'I'll(• patch of cantOH flannel proved to be a great co1wenience in taking 
out the <-ggs, as all that was necessary was to take the edges ligl1tly in 
th,· lingers a11d remo,·e it fro111 the l>ox, a11<l <lipping the cloth with the 
•·~µ;s i11to a pa11 of water, they were rinsed off with a few quick motions, 
wit IHmt a11y tedious picking arnl rinsing the eµ;gs free from particles of 
11111~s. Jn arrang'iug the eggs for transportation for a short distance, 
t lt1· 11se of" the cloth patches is undonhtcdly a goo,l 111ethod . 
. \ lfrr filling the boxes they were placed in the trays, a1Hl the trays 
;1d_j11st1•'1 within the zi111· eau, when water was ponre,l on until the whole 
1·,n1t1-11ts wNe thoro11g-l1ly saturated, "When tlie lid was closed and locked 
atHl tho 1·ase wa:,; rea,ly for transportation to the hatchi11g-honsc. A 
~:i,all fi•P to th1• baggage-master excites consi(lcrablc intereRtiu the safo 
l1a11dli11g· of" the box. 
Two trips wne llladc from Ecorse to tlw hatclii11g-honse at Clarks-
!011, a11tl about uue million three lnrndre<l and thirty thousa1Hl eggs 
,r1·r,• put into the troughs, l\Ir. Clark having i11neasecl the nnmbn of 
i ro11g·hs to 1i fty for th<• pnrpo:-ic of receiving the extra supply of eg·gs. 
OttP·ltalf' of' the eµ:/.!:s were the propert,,· of the commissio11, the other 
half to be co11trolled by l\lr. ,J, P. Clark, of ))etroit, l\Ir. Georµ;e Clark, 
of E,·or:-ie, atHl .Mr. :X. \\', <1lark, of Ularkstou. The egg8 re1:ei ni,l at-
t1•ntio11 from the 8Pco1Hl day after th(•.,· were place,l in the trouµ;h8 nutil 
abont the 111i<ldl1• of ,January, the eye:-; of the c111bryo then showi11g dis-
1~11etly, antl the s11usc11ne11t los:-; being· Yery s111all. 
1 ·pon receipt of tlu· im;tmetions to sliip a qna11tity of Pggs to the 
:-itate ('0111missio11ers of California, a. case similar to :\Ir. Ulark's \Vas 
111:ul,·. s11bstit11ti11g- a. goo<l qnalit.r of tin for the zi11c, and adding a sec-
011<1 square ea11, large enough to contain the can with the trays a11d 
1:11ps, and lea Ye tltc :-;pace of a11 inch on all sides . 
. \rri Ying at Clarkstou on the 18th of ,January, the weather was con-
:-.id<•n·<l too :-ien·re to hazal'<l the :-;hip111e11t of the eggs at the tiuw, and 
it ,ra:-- ,lelaye,l until the :.!0th. 
Tl1e tltick e0Yeri11g of frozen :·mow and ice 1n·c,·e11ted the possiuility 
or olitai11i11g- 111oss, and a good qnality of 1-;pungc was substituted. 
Th is \\·as prepared, tirst. by whipping- out the calcareous <l.ust that it 
,·011tain<•<l, :111 .-1. aftt•r being cut in thin slices, was thoroughly washed 
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through seYeral changes of warm water. Pieces were then fl tted to the 
bottom of the cups, and while standing in a pan of water, a half table-
spoonful of eggs was poured in, a thin slice of sponge, fitting the inside 
of the cup, laid lightly over the eggs, and the remainder of the spoon-
ful poured in, when a third piece of sponge was put over them to cover 
them. The trny, with the cups, was then put into the inner can, which 
was placed within the second can, with one iuch of sawdust filling the 
vacant space on the sides, bottom, and top. A piece of burlaps was 
tied over the top, and the whole placed upon the springs, within the 
packing-box, and the lid fastened down. The packing-box had t,wo half-
inch holes bored near the bottom to admit the air. The :filling of saw-
dust was considered as a necessary safeguard agai.rn.;t the cold weather 
of the time. 
The case was put in charge of the baggage-master, aud I accompa-
nied it as far as Omaha, Neb., attendiug to its transfer from one 
train to another, and regulating its position in the car. At Omaha it 
was given in charge of the express company, and the messenger in-
structed as to the effect of heat and cold upou the eggs, aud a, letter 
containing full instructions sent with the box to be deli'vered to the mes-
senger at Ogden, where the box was transferred to his care, there being 
no further change of messenger between that aud San Francisco, Cal. 
On two sides of the box, in distinct letters, was printed the caution, 
"Fish-eggs; must uot be jolted or allowed to freeze." 
The weather continued cold throughont the time the eggs were on the 
wa,y, and they arrived at their destination in very bad condition. ]\fr. 
Stone attributed the damage to the use of sponge, and the sawdust-
packing preventing ventilation. Mr. Rudolph Hessel, an experienced 
:fish-culturistof Offen burg, Germany, while visiting vVashiugton, informed 
me that he had used sponge for packing eggs for long distances with en-
tire success. The lack of ventilation is a more probable cause, though 
the description given by Mr. Buckland of the method of packing the 
eggs received from Seth Green's establishment in January, 1870, was 
similar i.n the fact that the cups containing the moss and eggs were buried 
in the sawdust. A small quantity, received. from l\Ir. N. vV. Ulark, at the 
Smithsonian Institute this wiuter, was packed in the same manner, using 
sponge and burying the cups iu a pail of sawdust, and they were found 
to ue all alive after a :fifty hours' journey. 
The necessity of a certain supply of oxygen to the eggs has been very 
thoroughly proven by the researches of W. H. Ransom, :M:. D., of Notting-
bam, England, pnblished in the first volume of the ,Journal of Anatomy 
and Physiology. The experiments were made while iu vcstigating the 
nature of the rhythmic contractions of the yelk, known to occur in the 
living eggs of fishes. Among several experiments, in- which, by inge-
nious methods, the oxygen of the <1trnosphere was kept from contact with 
the eggs, those of tl1e Rtiddeback being emplo.re1l, lw relates a-; fol~ 
lows: 
. , 1-,p11RT OF COMMISSIONER OF FISH AND :nSHERIES . 
•• t berefore made a series of suffocative experiments on impregnated 
11 ti unimpregnated eggs, using aerated distilled wa~er in cells, all of 
lw .1 p·wity of .05 cubic inch, ·sealing the covers with hot wax, and 
i , in l! 1 be number of eggs in each ·cell . 
. : I· ive observations were made with unimpregnated eggs, having, 
••·:-( •·•·t h· M·, 35, 30, 18, 9, and 7 eggs in a cell; and although, in conse-
,1 11 •11t·t• of the accidental loosening of the wax, and the entrance of a 
11 11 lt· bubble of air, the duration of tl;ie contractions was not in all cases 
in 1•r:-11•l as the number of ova in the cells, yet the general result was 
t bat both the rhythmic contraction and the pseudo cleavage continued 
Jon ·• •r in the cells containing the smaller number of ova, the eggs 
,vhich Jay nearest to the air-bubhle always being the last to cease to 
m0\'1 ; lbe accidental failure of the luting affording thus additional 
• ideoce of the importance of oxygen. In all the cells the contraction 
ceased in from 23 to 30 hours, or one-fourt,h of the time they continued 
in aerated water and unlimited space. Five similar observations 
w •rr made on impregnated eggs, with 48, 38, 17, 10, and 7 eggs in 
•ai• 1 cell, with similar hut more marked results; the yelk-contrac-
tions ceasing earlier than in the unimpregnated ova. The cleavage was 
more rapidly checked than the pseudo cleavage, and still more so than 
I he yelk-contractions. 
"Seven experiments were then made to ascertain the relath·e depend-
«.,nce upon the presence of oxygen of the movements which result in cell 
multiplication and dift'erentiation, and of the muscular contractions of 
the embryo compared with the yelk-contractions. 
"Two healthy de, .. eloping ova were sealed in similar cells at 76, 101, 
127, 150, and 17-l hours each, after impregnation, and two free embryos 
at 24: and 48 hours after hatching. .Although the proportion of active 
organic matter to the medium was so very much less than in the pre-
' ions experiments with recently-impregnated eggs, yet the process of 
development ceased in all in about 7 hours, and the yelk-contractions 
dill uot continue more than 18 hours. • The movements of the heart 
continued about the same time, those of the trunk ceasing before the 
heart. The embryos in the later stages of development more quickly 
ceased to move than those in the earlier. 
''Th~ inference is, I think, not to be resisted, that oxygen in the sur-
rounding medium is au essential condition of the exercise of the prop-
erty of rhythmic contractility possessed by the food-yelk, as well as of 
the fissile contractility of the formative yelk." 
Though Dr. Ransom admits that the quantity of oxygen consumed in 
these movements appearM to be very minute, yet it indicates that a 
large quantity of eggs confined in a small, air-tight space, would con-
sume the oxygen to an injurious extent, during a long journey, and 
sufficient ventilation is to be considered as one of the necessities in 
packing eggs for transportation. 
The sawdust that .filled the space around the inner can, in the Cali-
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fornia sllipmeut, was crowded down ,vitll a piece of board, aud may 
ham, in consequence, rendered the package more completely air-tight 
tlrnn iu tlie shipments referred to similarly packed. 
A later sllipment arrived in most excellent condition. The cups in 
the cases were made four by four inches S<Jtrnre, by two deep, with no 
packing between the cans, and the eggs packed in moss. ~rhe most 
ample ventilation was prodded for in the egg-cases. 
The oxygen given off by live moss is probably the principal reason 
for its special adaptation in packing eggs for shipment. 
Dr. Ransom's experiments on the effect of lieat have also a practical 
value iu tlle treatment of fish-ova, both in transportation and in the 
troughs. He says: "Some eggs in tlie stage of active con.traction were 
cooled until the thermometer placed on the cell stood at 32° F. They 
all became still, and their yelks globular. They were not frozen; and I 
do not doubt that tlieir temperature was liigher than that indicated by 
the thermometer." 1'he contractions were afterwards restored by a 
weak galvanic current. In another observation ''I froze the water in 
which the eggs were placed, so that some of them were completely, and 
others incompletely, frozen. The frozen eggs were a.II more or less 
opaque, and bad their inner sacs ruptured, and emptied of yelk in va-
rious degrees, and their formative yelks lobulated, and darkly granu-
lar. Those which were least frozen were slightly opalescent only, and 
when allowed to thaw they contracted as before, ultimately going 
ou to cleave in an irregular manner, the ruptures in their sacs having 
healed. Slighter reductions of temperatures to 40° and 48° F., retarded 
without destroying the contractions. In such cases the commence-
ment of cleavage was delayed. By raising the temperature moderately 
the movements were accelerated; but at about 80° F. (it is difficult to 
speak with certainty of the temperature actually obtained by the ob_ 
ject) the contractions were arrested; the yelk-ball becoming globular, 
and tlie oil-globules being scattered. Such eggs, however, soon recov-
ered themselves when left at 58° F.1 and cleft in even less time than eggs 
did which had not been warmed. In other eggs, heated in a cham-
ber at 10:3° ]"'., the cleavage was retarded to tllree times the usual 
period, and when it took ·plaee was wanting'in symmetry. The yelk: 
began to become opalescent at ai.Jout 103°F.; but a true coagulation 0£ 
the albumen did not ta,ke place, the yelk being fluid, and opaque. 'l'lrns 
a temperature too low or too much elevated retards or arrests the 
contractions, but they are not destro,yed before commencing physical 
and chemical changes set in." 
\Vhether the poiut at which the coutractions of the yelk ceased was 
the point at which vitality left the t~gg, might or might not Lave been 
the fact, but it is quite evident that the egg was, at the temperatures 
Mated, in m1 abnormal state, and the necessity of sustaining a tempera-
tnrc aronud the eggs of fishes between thc1,e extremes is apparent, if 
they are to lJe kept iu their most fayorable condition. 
H2 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 
Mr. Green and Mr. Wilmot both procured eggs this season from the 
Detroit River. Mr. Green ma.de use of a newly-devised apparatus for 
hatching that proved to be a most excellent contrivance, both for the 
economy' of space and the facility for qaring for the eggs. By this 
method he will be enabled to hatch five or six times the quantity of eggs 
in the same building. The young fl.she~ were distributed in accordance 
with the excellent plan adopted by the New York commissioners for 
supplying demands from all parts of the State; without expense, on ap-
plication. 
The success attained by these persevering experiments is now com-
plete, and the white-fish may be restored by artificial propagation, to 
the same extent as the salmon, or the brook-trout, or the shad. As has 
been shown, the white-fish has ad vantages in this particular that the 
other species have not. The obstruction of streams is no obstacle in the 
way of their multiplication, because they have no necessity of ascend-
ing them, and, unlike the trout and the salmon, they cannot be suspected 
of eating each other. · 
Attempts at feeding the young fishes bave all been failures, and the 
only natural food that has been found in their intestines is the species 
of Diatomacere reported l;>y Mr. Briggs. But as they are more vigor-
ous and strong·in the earlier stages of growth, t~ere is not the same ne-
cessity of caring for tl,lem .until they are partly grown, and they should 
be put into the waters they are to inhabit soon after the ovisac is ab-
sorbed, and allowed to find their natural food for themselves, just as the 
young shad are treated when hatched artificially. 
Artificial propagation affords advantages that compensate for all the 
overflsb.ing and losses that the fish-faunre suffer from man and natural 
causes. The great nnmbers of eggs found in the ovaries of fishes in 
reality afford little evidence of their capacity for populating the waters. 
It is a fact, illustrated in nearly if not all branches of the animal 
kingdom, that the most fecund species do not, by any means, increase 
the fa8test in numbers, but from the greater evils they are su~ject to, 
and the greater number of enemies they encounter, there is such a 
fatality during the· earli~r stages of growth. that the losses balance the 
numbers produced, and less fecund species, by being better protected, 
· equal them in numbers. 
The most perfect illustrations of this fact may be found among our 
lake-fishes. The muskellunge, Esox nobilior, bas a very large number of 
eggs. A cast of the ovaries of a large female specimen, made by Dr. E. 
Sterling, of Cleveland, Ohio, is in the possession of the Smithsonian 
Institution. The ovaries measure over two feet in length, and the eggs 
are about the same diameter as those of the white-fish; they contain 
at least five times as many eggs as a pound white-fish, and yet, as 
regards numbers, the muskellunge is a coinparativdy rare fish. There 
are, undoubtedly, exigAncies attending the egg-stage of this fish that 
will account for this fact. 
In the case of the white.fishes, though annually depositing millions 
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of eggs, the delicate rtat't1re of the embryo, and the numerous spawn-
eateri;, effect a certain -b~rance of numbers with relation to the general 
fanrn:e of the lakes, so that, np to the time of the early settlement of the 
lake-region, the fish were found in great abundance. The nets now 
came in as an a<lditionaif'it;genfin ·preventing the increase, the pouud-
net, particularly, killing a large percentage of the fishes that bad not 
matured sufficiently to assist the increase by depositing spawn, and in 
consequence the numbers of fishes were rapidly reduced. 
The care of the eggs in the hatching-troughs bas proved, beyond 
question, the fr:-1il nature of the eggs of the white-fish. They are 
smaller, and have a much thinner investing membrane, or shell, and have 
not the same enduring vitality that the ova of the trout and salmon 
have. So that in the open water of the lakes and rivers by far the greater 
number are lost because of the disturbance of the bottom by the au-
tnmu storms and the deposit of sediment from the muddy water, the 
failure of many of the eggs to come in contact with the milt of the male 
fish, the myriads devoured by the army of spawn-eaters, and the addi-
tional evils of pollution of the waters from the drainage of cities, manu-
factories, and saw-mills, and the dragging of seines over the spawning-
beds. · 
A quantity of white-fish eggs taken from the bottom of the Detroit 
River, a very extensive spawning-ground, while dredging in company 
with Mr. George Clark, at the close of the spawning-season, were found 
to be <lead and white, or so coated and stained with the black ooze that 
they could not have survived. In the pond on Grassy Island, where as 
many as ten thousand female white-fish deposit their spawn in a season, 
we succeeded in taking between fifty and sixty embryo fishes, by draw-
iug a seine lined with millinet, and a diligent search through several 
hours at the surface in tlrn month of April. 
Iu obviating all of these evils, artificial propagation asserts its ad-
vantage, and though the number of eggs that may be handled is ex-
ceediHgly small compared with the millions sown by the fishesJ yet the 
mun ber of fishes pro1luced may really exceed the present production in 
a Htate of nature. This assertion has ample proof in the restoration of 
fishes in regions where they have been nearly exterminated, and even 
where uo ehauge was nu1dp. in the restrictions upon the fishing that 
might have assisted the increase. 
The experience of the pa.st few years lrns proved entirely the possi-
bility of increasing the numbers of the white-fish by artificial propa-
gation. The running water in the troughs supplies the conditions re-
quired by the eggs; the fert.ilizatio.n of the ova in the pan brings every 
egg in contact with the milt; they lie undisturbed and free from injuri~ 
ous se<liment or filthy water; the spawn-eaters have no access to them 
whateYer, and the dead eggs are immediately removed from contact 
with the living ones; the young fish are under control in the troughs, 
until the ovisae is absorbed, when they are ready to be placed in their 
natural home, the cold waters of the northern lakes. 
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The experiments of Mr. Seth Green and Mr. N. W. Clark have re-
duced the loss of the eggs to an inconsiderable number, and with a 
small outlay of money this fish may be restored with a success equal 
to that of the shad in the rivers of the Atlantic coast. 
The losses in the fry-stage merit consideration, though there is every 
evidence to believe that they are very small. 
One great advantage in favor of the young white-fish is its strength 
and vigor almost from the time it leaves the egg, and its disposition to 
seek the st1rface, as observed in the troughs and where they were seen 
in their natural condition in Detroit River. 
The piscivorous fishes of the lakes are to be found almost entirely in 
the lesser depths. Of these the pike, Stizostedion americana, is the most 
destructive in the regions where it is to be found in numbers. Their 
number, however, does not at all approach that of the spawn-eating 
herring, and it is not probable that the white-fish suffer from their vo-
racity in the earliest stages of their growth, but after they have attained a 
couple of inches or more in length. The reg-ions where the pike is nu-
merous are the western end of Lake Erie, Saginaw Bay, Lake Huron, 
and Green Bay, Lake Michigan. 
The perch prevails in limited numbers throughout the whole extent 
ot'the lakes. The lake-trout is not foun_d, within the range of the smaller 
white-fishes, in sufficient numbers to do them much damage. The habit 
of the young embryos to seek the surface is also a protection to them. 
There is not in the lakes a single surface-feeding fish, except perhaps 
a few small Cyprinoids and a Ghirostoma, which are not piscivorous 
species. There is no savage feeder, such as the blue-fish, Pomatomus 
sctltatrix, of the sea, that comes to the surface. So that at this stage of 
growth they are comparatively safe. There are also large schools of 
the Cyprinoid family found in thA lakes at the same season of the year 
as the small white-fishes, and from the month of June until late in the 
fall large schools of embryo fishes are found in the waters, principally 
Cyprinoids. So that there is abundance at all seasons of the year to 
supply the appetites of the pisciYorous fishes besides the young white-
:ftsh, and they, of course, suffer much less in consequence. 
The increase of shad on the sea-coast has resulted from turning loose 
the embryos, when but a few days from the egg, where the piscivorous 
fishes are numerous, and an increase of equal or greater rapidity may 
be looked for in the white-fish, with comparatively few dangers to 
encounter. 
(18 b.) Breeding of salmon-trout.-'Ihe breeding of the salmon-trout, 
Salmo namaycusk, with the exception. of the hatching of a few eggs by 
Mr. N. W. Clark, bas been entirely in the hands of Mr. Seth Green, of 
Rochester, N. Y. His experiments extend from the fall of 1870 to the 
present, with continued success. The past season eggs and young of the 
salmon-trout were distributed to about seventy different persons, to stock 
the lakes of the State of New York. 
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F-ECONOMIOAL AND NATURAL HISTORY OF THE MORE 
IMPORTANT FOOD-FISHES OF THE GR.EAT LAKES. 
l!J.-DIS'.l'RlllU'l'ION OF THE SPECIES ACCORDING TO DEPTHS. 
(1D a.) -Vertebrate fauna. Observations of the net-fishing at different 
depths made the fact apparent that there are quite well defined ranges, 
with reference to depth, in the fauna of the lakes; not that the lines 
are so distinct that fishes peculiar to a certain zone are not frequently 
found straying into the ones contiguous, but still so well defined that a 
fisherman of short experience, knowing the depths at which he is setting 
his net, can predict with confidence what species of fishes he will cap-
ture and what he is not at all likely to take. While a few of the deep-
water fishes seldom or never approach the shore, there are many species, 
of the shallow waters, never taken in deep soundings. The migratory 
instinct of the spawning-season temporarily changes these habits in a 
few species, and there is considerable evidence to prove that the tem-
perature of the water modifies the preferences of many fishes to certain 
depth8. 
As one or two fishes of the deepest zone are the most constant in 
their attachment to their limited range, it will be as well to begin with 
the deeper water, in describing the ranges of tbe species. 
The fishes referred to are, a small Oottoid, the Triglopsis thornpsoni 
Gir.; ancl a Salmonoid, the black-fin, Argyrosornits nigripinni8 Gill, (.l\Iss.) 
· These fishes are most abundant in seventy fathoms and deeper, and are 
seldom tniken, in the fishing-seasou, even in as great .a depth as fifty 
fathoms. At Grand Haven, Mich., where a line of steamer.s keeps the 
barl:ior open throughout the winter, the fishermen take the black-fin in 
quantit,ieR, within thirty or forty fathoms, in the month of December. 
This fish has thus far been found only in Lake Michigan. The Triglopsis 
is only known from specimens taken from the stomachs of larger fishes 
in Lakes Superior, Michigan, and Ontario.· The remaining species, of 
which a few are sometimes found at the depth of seventy fathoms, are 
the lawyer,Lota m,aculosa Les., the salmon-trout, SalrnonamaycushPenn., 
the siscowet, Salnw siscowet Agass., the white-fish, Goregoni(,s albus Les., 
and the cisco, (not the cisco of Lake Ontario,) Argyrosmnus hoyi Gill, 
(Ms~.) 
At fifty fathoms, the nets take the firn species last named al:iundantly. 
ThiH may he considered, in the deeper lakes, the zone of the Mack-
inaw trout and of the cisco, throughout the spring, summer, and fall, 
with the exception, in the case of the trout, of the spawning-season. 
B2tween twenty and forty fathoms the gill-nets take the salmon, or 
Mackinaw trout, with a few lawyers and ciscos. 
From twenty fathoms to the shore are found the most numerous as-
semblage of species: The lawyer, Lota, maculosa Les., one or two small 
Uottoi<ls, Urcinirlea franklin,i Agass., and. U., richardsonii Agass.; the 
sheepsbead, Hctploidonotus grunniens Raf,; the black-bass, 21licropterus 
nigricans Cuv. and Val. and the small-mouthed black-bass, M. sal1noides 
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(Lac.) Gill; the rock-bass, .Ambloplites rupestris (Raf.) Gill; the perch, 
Perea flo/vescens Cuv.; the wall-eyed pike, Stizostedion americana, (Cuv. 
and Val.;) thesauger, 8. grisea (DeKay;) the blue-pike, sp. n.; the white-
bass Roccus cl,,rysops (Raf.) Gill; four (!) species of Etheostomoids; 
' G . Ohirostoma sicculum Cope; the sticklebacks, asterosteus inconstans 
Kirt.; G. nebulosus Agass., and G. pygmmus Agass.; the lake-pike, Esox 
zucius Lio.; the muskellunge, E. nobilior Thomps.; the mud-minnow, 
Umbra limi (Kirt.) Gunth; a few Cyprjnodonts; Percopsis guttatus, 
Agass.; the white-fish, Ooregonusalbus Les.; the Menominee white-fish, 
<Joregonus quadrilateralis Rich.; the lake-herrings, .Argyrosomus clup~i-
formis Mitch., and .A. harengus Rich.; the speckled-trout, Salmo fonti-
nalis Mitch.; the moon-eye, Hyodon tergisus Les.; the saw-belly, Pomo-
lobus chrysochloris Raf.; the mullet-sucker, Ptychostomus aureolus (Les.) 
Agass.; the spotted-sucker, P. fasciatus (Les.;) the long-snouted sucker, 
O. hud8onius Les.; the common pink-sided sucker, Oatostomus comrn1tnis 
Les.; the black sucker, Hylomyzon nigricans (Les.,) Agass.; the carp, 
Oarpiodes cyprinus (Les.,) Gunth., and eighteen (1) species of Oyprinoids; 
the bull-head, .Amiurus catus, Lio.; the great lake cat-fish, Amiurus nigri-
cans Les.; the fork-tailed cat-fish, Ictelurus cmrulescens Raf.; the yellow 
back-tail, Noturus ftavus Raf.; the dog-fish, Amia calva Lin.; the bill-fish 
or gar-pike,Lpidosteus osseus Lin., and L.platystomus Raf.; the sturgeon, 
.Acipenser rubicundus Les., and the lamprey, Petromyzon. In this ·zone 
is also found the Amphibian Menobranchus lateraiis Say. 
[t will be observed that the lawyer, the, white-fish, and the lake-
trout, are found In all depths in more or less abundance. This is a fact, 
not only in the spawning-season, but at all times. The trout, however, 
are comparatively rare inside of a depth of about thirty fathoms in the 
deeper lakes, except during the spawning-season; and the lawyers are 
only taken in quantities outside of forty fathoms in the spring of the 
year. 
(19 b.) Invertebrate fauna. The invertebrate fauna of the bottom 
has been investigatell to a limited extent by dredgings. · 
This work was initiated by the Chicago Academy of' Sciences, in the 
year 1870, in the shallow water off Chicago Harbor. Dr. Stimpson re-
ported finding but little life in this vicinity-insect larvff3, .a leech, sm~l 
mollusks, mosses, and algre. 
Later in the season a tug was employed at Racine, and a party, 
inclmliog Drs. Stimpson, Lapham, Andrews, Hoy, and Mr. E.W. Blatch-
ford, made dredgings in from thirty to sixty-four fathoms, re~ulting 
in finding the lake-bottom thickly inhabited by two genera of small 
crustaceans, Mysis and Gamniarus, a planarian, and a small mollusk, 
of the genus Pisidium. The crustaceans were lletermined by Dr. Stimp-
son to be the same as those which Dr. P. R. Hoy bad taken from the 
stomach of the white-fish, in a partially digested state. 
In August of 1871, under the direction of General C. B. Comstock, of 
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the lake surrny, Professor S. I. Smith made extensive dredgings 
in Lake Superior, working out the bottom fauna very thoroughly, and 
discovering some fourteen new species of invertebrate life, and eleven 
other forms previously described, distributed from the shores out to one 
hundred aud six:ty-nine fathoms in quite well-defined zones. 
In September of 1871, on receipt of the notification that the revenue-
steamer Andrew Johnson had received instructions to afford facilities 
for the examination of the fauna of the lake-bottom 1 a small dredging-
outfit was received on board, and as full collections made as the stormy 
weather of thf' trip permitted. 
The Academy of Sciences of Chicago furnished a large part of the out-
fit from their stores of apparatus; and Mr. E.W. Blatchford, of Chicago, 
suppl_ied a quantity of lines aud nets, among the rest a trawl-net used 
by him in collecting off the coast of Florida for the museum of the . 
Ohicago Academy. This apparatus, with the dredging-collections of the 
trip, and the entire collections made on Lake Michigan, was burned, 
with the academy, in the great fire of that year. 
Dr. Stimpson had previously worked up the collection, and identified 
the species as the same as those of his dredgings. 
The trawl-net was used in thirty fathoms in Grand Traverse Bay, but 
failed to take anything, as there are probably no fishes in the lakes, other 
than the smaller species, of so little activity as to be unable to escape 
capture from a twelve-foot trawl. · 
The dredgings were made in from twenty-six to ~ne hundred and 
forty-fonr fathoms. The small forms of life were found to be abundant 
at all depths, and the bottom fauna was found to be quite uniform in 
the region of the lake examined. The different dredgings have made it 
evident that the invertebrate life of the bottom is all small forms, though 
so abundant as to afford food for unlimited numbers of fishes. 
The stomachs of the white-fishes examined in many localities were 
fourid gorged with the crustaceans and mollusks which they had found 
in the bed of the lake. 
In the mouth of August, while making the tour of the northern shores 
of the lake, in a Mackinaw boat, the dredge was carried over to Torch 
Lake, in the Grand Traverse region of Michigan. This lake is nearly 
eighteen miles long, with an average width of two miles. Its outlet is 
fin;;t through a shallow creek, then through two connecting lakes, and 
throngh a sharp and shallow rapid into the bay. Earlier in the sea.son, 
with a roughly-prepared map in hand, I had sounded the lake through 
about eleven miles of its length, to determine its average depth, which 
was found to be forty fathoms, the deepest soundings being forty-five 
fathoms; 
The hauls of the dredge discovered the same species of in vertebrates 
found in Lake Michigan. The fishes of Torch Lake are also tlrn same 
as in the main lake, its transparent waters harboring none of the 
properly river or stream fishes. 
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The deep trough of Torch Lake is the eastern one of a series, with a 
"t·11c•1 :11 north and south direction, easily traceable in the United States 
rmy engineers' chart of the north end of Lake Michigan, which forms 
notable feature in the snbuiarine topography of the lake. 
Two other lakes in Michigan, in which the white-fish are said to make 
their home, are Orystal Lake, near .Ifrankfort, and Higgins Lake, in 
Roscommon Oounty. There are also a few small lakes into which they 
have been introduced. 
L. J. Farwell, ex-governor of Wisconsin, introduced the white-fish 
into the lakes at Madison, in the year 1850. 
20.-THE SALMON OR MACKIN.A. w TROUT, Salmo namaycush Penn. 
The trout of the great lak~ is one of the three most numerous fishes, . 
and, except the sturgeon, attains the greatest weight of any of the lake-
flshes. It is captured almost exclusively by the gill-nets, the pound-nets 
in some portions of the lakes taking them during the spawning-season. 
In winter a great many are caught in the bays, through holes cut in the 
ice. They are found in all of the great lakes and in a few inland lakes 
in their vicinity . 
. \ s compared with the white-fish, their ruerits as a fresh fish ·are rela-
1 ive to taste, though the greater number would decide in favor ot' the 
1atter. Salted trout bring a lower price in the market than white-fish, 
. they are inferior to them as a salt fish. 
Their migrations, as far as observations have been made, are confined. 
to the spawning-season. They do not ascend the rivers, and although 
they are known to be in a few inland lakes connected to the main lake 
by 1·a1>ids, there seems to be no knowledge of their ever having been seen 
or taken in the outlets. 
Their range of depths at ot.her seasons than the spawning-period is 
in deep water. A few stragglers occa1:1ionally approach the shore, and 
,ll · taken in the pound-nets, or with the hook, from t.he piers extending 
iuto the lake. In the northern portions of Lake Michigan they are taken 
in depths of fifteen fathoms, in small numbers, by thA gill-nets, and 
more plentifully through the ice in the winter time, though a depth of 
over thirty fathoms is the most favorable ground for their capture. 
Iu the shallow waters of Lake Erie, in the western part of the lake, 
th_.y are scarcely found at all, though numerous in the deeper portion, 
east of the city of Clev~land. 
The lake-trout is a ravenous feeder. The fishermen sav of him that 
"he always bites best when he is the fullest." " 
In Lake Michigan, where the investigation of the character of their 
food was carefully made, it was found to be principally the cisoo, A.rgy-
rosomus hoyi Gill. Mss. The prevailing notion that they feed largely upon 
the white-fish was not confirmed by these obserrntions. Although it was 
continually asserted by the fishermen that the stomachs of the trout 
were found full of' young white-fish, there was no instance under my 
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observation where it was so. During 1871 no opportunities were 
omitted to observe the stomach-contents of the trout, when they were 
sufficiently ulHligested to determine the species, and often, when, to con-
firm the repeated assertions, a fisherman would throw out the contents 
of a stomach, to show me the young white-fish, the head and mouth in-
variably indicated the genus Argyrosoniiis Ag-ass., an<l he would readily 
admit his mistake. 
Questioning :fishermen closely, who asserted that they found the young 
white-fish to be tlie principal food of the trout, they generally assented 
that they had not given close enough attention to decide positively 
between youug white-fish and the cisco, though many gave testimony of 
finding unmistakable whitP--:fish, of mature size, in the stomachs of the 
overgrown trout taken in portions of the h1kes. 
Stragglers into the shoal waters, and the trout migrating into shallow 
places, to find their spawning-grounds, would undoubtedly prey upon 
the smaller white-fish as re:1dily as they would upon any other species ; 
but dt1ring the larger part of the year they make their home in deeper 
water than the young fish are found in. 
An instance was related, in 1871, of a large trout having swallowed a 
smaller one, which the fisherman removed fr0m its stomach in a · good 
state of preservation. 
It is not an unustrnl thing for a trout to swallow a fish too large for 
the capadty of hiR stomach, and the tail protrudes from his mouth until 
the forward part is digested. A trout measuring twenty-three and one-
half inches was brought ashore at Two Rivers, Wisconsin, from the 
month of which some three inches of the tail of a fish, Lota 11ia,eulosa,, 
pr~jected. The " lawyer," wheu ta,ken from the trout, measured four-
teen inches without the heacl, which had been digested .. 
Their exceeding voracity induces them to fill their maws with 
singular articles of food in the bill of fare of a fish. \Vhere the steam-
ers or vessels pass, the refm,e from the table is eagerly seized upon, nnd 
I have taken from the stomach a raw peeled potato and a piece of sliced 
liver, and it is not unusual to find pieces of corn-cobs, in the green-corn 
season, and in one insta,uce I heard of a fragment of a ham-hone. 
They are readily taken with a hook baited with pieces of fish. They 
are a sluggish fish to pull in, taking hold of the bait with a tug at the 
line awl tlwn allowing them:-;elves to be pulled to the surface, with no 
more vihration in the line than if a heavy sinker was the weight at the 
ell(l. Parties going· out with the :fishermen often take a large nu:nber 
while the nets are being lifted, and in 8ome localities the largest of the 
trout are taken in this way. While becalmed near Summer Island, h 
Lalrn Michigan, in 1871, two of us, in about one hour's time, took in fifty 
i,ound:.; of trout, in seventeen fathoms of water. 
'fhe explanation that the reel color of the flesh of certain species of 
this fa,mil,v ii-l attrilmtable to the red pigments of crustaceans, which 
form a principal article of food, is very directly contradicted in the ex-
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ample of the Mackinaw trout and the white-fish. In this trout the 
nr~- dPepest tint:-; found in the flesh of the salmon are frequently to be 
see11, ,dlile the food of the trout is almost wholly fishes, and in no case 
crnsta,·l•ans; while in the white-fish the flesh is of the purest white, 
arnl the food is almost wholly crm,taceans, and largely of Ganim,nricla,e, 
with a considerable amount of the red pigments referred to in their 
shPlls. 
'rhe sp:l\rning-seasou of the trout begins about a month earlier than 
that of the white-fish. The details of their habits I can only give from 
i11formatiou I have gathered by continually questioning fishermen aud 
othPrs who ha,-e had better opportunities of observing them ti.tau I 
han•. 'I.1L1e n11i versal testimouy is that the spawn is found running from 
the females in the latter part of the month of October, the fish coming 
011 to tlu~ spaw11ing-groumr a week or more earlier. 
At Detom, at the head of Lak;e Huron, on the 16th October, I saw a 
largo lift of trout brought in from the spawning-grounds; the ova were 
larg-,· and separated, but were still entirely retained in the folds of the 
m·ari(i.,, a11d the fo,hermen said they had not found them runuing from 
this fish as yet. 
'l'li" localities selected by the trout for their spawning-ground are 
11:--ually r(wk bottoms iu from fifteen fathoms to seven feet of depth. 
"NPar :\I ihrnukce, 011 a reef at about the greater depth named, is a spawn-
i11g-gTom11l, from which for years a large type of trout has been taken. 
'l'h<· spaw11i11g--grn1t11<h; arc found from Racine north on the western 
sl1on• of Lak(• l\lichiga11, a1Hl from a little to the northward of Saint 
Jo:-;Ppli 11orth on the east(~l'II i-;ltore. 'fhe i,;;paw11ing·-gron11d nearest Sai11t 
.Jost-ph is said to lw :1 clay uottom. At Detour the uets were set so 
elosP to the slior11 that the tips of the floats Hhowed above water. 
'l'he trout arc saitl to settie close to the pr<~jectious a11d edges of the 
ho11p~·-eo111 he(l <·a Yiti<'s of the rock, and that, frequently, when a loose 
frag111<•11t of the rod:: is <Im w11 up l>y the nctH, the cells are fouud to 
co11tai11 11umbers of' tht• t•µ;g:s. 
Tlieovari<'s frn111 a )facki11aw trout of twPnty-fonr ponnds weight were 
pr<•seITP<l, :111d weig-he(l three pomHlH four an<l one-fourth ounces, and 
<·011tai11('<1 f'ourtPen tliomm11<l 11i11e lnuulrrn1 a11<l forty-tlJreo egg::,; the 
eakulatio11 hei11g- 111a<le by co1111ti11g- a fractional weight. 
Tht> k110wll'llgt• of th<· time at wlii<'h the ~·on11g fish make their appear-
aiw<· is lirllite<l to th(• ('X})('l'il•11ce of tlH' fow fish-cnltnrists iu the country 
wli 11 ha n• hatd11•<l th(• (•g·µ;~. 111 wat,·r of an an•rage temperature of 
'7--'. tli1•y art> fo1uul to hatch about the last w<·ek of January. At the 
J,mn ll'IIIJH'ratu1·<•s of th,'. water, i11 a 1-3tatc of nature, their development 
wr11i!(l lw rctanl<·d for sen·rnl wePks. 
or tJi,. lialiit~ oi' the ,rou11g t1·011t I n111 1•11tirl'ly destitute of i11forma-
tio11. I ha Y<· sec11 011t\ of eight llH'ltcs i11 le11gth, a111l learn of rar<' in-
:--t,111,·t·:-- i11 wldd1 tlJ,, tislu·nw•n have :-.ceu ~mall 011es. The smallc~t oue:-; 
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that are taken in any numbers are fifteen to eighteen inches in length, 
and these are not very numerous. 
The average weight of the lake-trout taken in the gill-nets is nearly 
five poun<ls. It is claimed that in years past they averaged much 
higher. They are quite frequently taken weighing fifteen pounds. A 
specimen of a female was obtained last summer at Shoal Island, Lake 
Superior, weighing twenty-four pounds. One taken at Grand Haven, 
Mich., in the month of June, 1871, a female, weighed thirty-six pounds 
and one-half. After the gills and entrails were removed, it weighed 
twenty-nine pounds. It measured three feet six and one-half inches 
in length. 
The tra<lition of the largest trout taken is preserved at each locality, 
ranging from :fifty to ninety pounds. One tµat I am satisfied was au-
thentic, from having taken the testimony of those who saw it weighed, 
and having the story confirmed by Father Peret, of Mackinaw, was 
taken at that place in 1870, and weighed eighty pounds. 
There are no species of fishes in the lakes sufficiently formidable to he 
consi<lered enemies of the trout after they mature. The spawn and fry 
proba"bly suffer to some extent from the same causes that the ova and 
young white-fish do. 
They are troubled with a few parasites, especially a tape-worm that 
is fonnd very numerous in the intestines of some of them. Solitary in-
<lividuah;, known among the fishermen as "racers," are foun<l. in the 
summer-time swimming sluggishly at the surface. They are easily 
taken with the gaff-hook, and bite readily at any lJait thrown to them. 
They are al ways very thin in flesh. Dissection of the few tbat I ;have 
taken failed to find any a<lequate cause for their con<lition. The para-
sites were generally present, but not in any larger number than in 
healthy fish. 
The :fh,hermcn on the north shore of Lake Michigan generally keep 
a few bogs. The offal of the white-fish is fed to them freely, but they 
are very careful to allow no trout-offal to ue thrown in their.way, as-
serting that the hogs, after eating trout, frequently become crazy and 
die. The ouly plausible explanation of this fact, if it is a fact, is that 
some eutozoon of the Mackinaw trout, passes through one stage of its 
<levelopment iu the hog, and occasions distur"bance of the brain, having 
much the same habit as the cystic Cmnitr'll,s does in the sheep. 
Dr. Bannister informs me that the opinion prevailed among some of the 
Russian residents of Alaska that a tape-worm was occasionally pro-
duced in tl1e buman su"bject by eating the chaiwicha, Salnw orientalis 
Pal., the largest species of salmon common in that country. The fact 
that it was qnite a common practice to eat fish frozen, or dried, or salted, 
w1tl10ut cooking, would favor the introduction of any parasite existing 
in the body of the fish. 
The decrease in lake-trout is not so apparent as it:}s in the white-fish. 
The ponn<l-uets have not made the extensive inroads upon their numbers, 
~2 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 
,111 J none but mature fishes are taken. The larger ones are less numer-
ous: and it is claimed that the average weight of the trout caught is less 
th 111 in former years. 
Lil • the other Salmonoids, the trout have proved to be well adapted 
1 artificial culture. The one drawback with them is the difficulty of 
obtaining the spawn in the fall of the year, when the rough weather 
•wlPr~ the visits to the spawning-grounds a matter of hardship and 
danger. 
21.-THE S1scoWET, Salmo siscowet .Agass. 
This int.eresting 'fl.sh is confined, so far as known, to Lake Superior 
alone. In a few localities in that lake it is very numerous. 
With rare exceptions of young specimens, found near the shore, it is 
taken entirely with the gill-nets in deep water. It is a remarkably fat 
fish, and, as a fresh fish, is very inferior for tbe table. Even boiled, it 
is oily and rank in flavor. As a salt fish, packed in brine, it is most 
excellent, and is universally admitted to surpass either white-fish or 
trout. Its range of depth is outside of forty fathoms. How much 
11 • •per than this it may be found I cannot te~l, as no fishing at greater 
depth than fifty fathoms came under my observation in Lake Superior. 
The stomachs were found to be filled with a Cottoid. This seemed to l>e 
it ent i1·1- article of food in the vicinity of the Apostle Islands. 
The flesh varied from nearly white to a light reddish tint, not so deep-
colored as is found in the salmon and the Mackinaw trout. 
They spawn earlier in the fall than any of the other Salmonoids in 
the lakes. By the latter part of August the spawn in some of them is 
ri p1• and running freely, while in the month of September the females 
are all ripe and depositing spawn. They seemed to have no migratory 
instinct at this season, but were taken while ·spawning in the same 
vicinity where they had been taken for weeks previously. 
The ovaries from three specimens of mature females contained the 
following quantities of eggs: 
Weight of fish. 
5 pounds ........................................ . 












We have no knowledge of the time it requires the eggs to hatch, nor 
any data with reference to the growth of the fish. The young oues 
probably remain in deep water, as they are not taken in the pound-nets, 
and frequently quite small ones are found in the gill-nets. They will 
average about four and one-half pounds in weight, the largest co ming 
under our observation weighing about eight pounds. 
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The enemies with which they would have to contend are probably 
few. The white-fish lives in the vicinity of their spawning-beds, and 
as it is known to be a spawn-eater, it probably makes food to some 
extent of the eggs of the sif.;cowet, though in the early days of Sep-
tember, when we had opportunity to examine the whitc-:fishs' stomachs, no 
eggs were noticed. The food of the Cottoid we were unable to learn, as 
the on1;y specimens we obtained were from the stomachs of .the siscowet, 
and nearly digested. It is quite possible the rggs form part of its food. 
One external parasite was found to be numerous, a Lernean, and the 
inte.stines were generally infested with tape-worms in abundance. 
22.-THE WHI'l'E-FISH, Coregonus albus, Les. 
(22 a.) <Jeneral considerations.-The species of the genus Goregonus are 
widely distributed through all the northern regions of both hemispheres, 
from auout 450 latitude in the Old World and 41 ° 30' in America, to the 
Arctic seas. They are the most extensively used of all fresh-water food-
:fishes, unless it be the carp of China or the genus Sa,lmo. 
They inhabit all the deeper lakes in the regions referred to, the rivers 
of the more northern latitudes, and some of the species, if not anadro-
rnous, live indifferently iu either the rivers or the sea. Specimens from 
Hudson's Bay are in the possession of the Smithsonian Institution, and 
in Pallas's Zoographia Rosso-Asia,tica several species of the Goregoni are 
described as ascending the rivers from the sea. They have been a most 
extensive food-resource to the Indians, pioneers, tra.ppers, and hunters 
of the vicinity of the great lakes, and throughout British America and 
Alaska. The statistics already given indicate the extent-of their use in 
the older an<l more thickly populated region of the country. 
The white-fish has been known since the time of the earliest explor-
ers as pre-eminently a fine-flavored fish. In fact _ there are few table-
fishes its equal. The te.stimony of very many summer travelers, this 
season, on Lake Superior, t':rom Eastern States ga"e preference to the 
white-fish over the shad, both for flavor and its almost entire freedom 
from bones. To be appreciated in its fullest excellence, it should be 
taken fresh from the lake ancl broiled. Father Marquette, Charlevoix, 
Sir Johu Riehardsou, explorers who for mouths at a time had to depend 
on the white-lfah for tlieir staple article of food, bore testimony in their 
writings to the fact that they never lost their relish for it, and deemed 
it a special cxcdleuce that the appetite never became cloyed with it. 
The fact that the white-ibh is loth to take the hook is sufficient to 
prevent much iuterest in it from a large class of people. There is dan-
ger, in the work of fo;lt-cultnre in this country, of conceding too much 
importance to tlliH point in the habits of a fish. The :fish-interest of the 
country has a much larger stake in the protection and increase of the 
:-:taple-food fi:-:hes than in the game-fishes simply as such; although it 
might readily be ackuowledge<l that among all other sporting recrea-
tions angling was the moi-:;t 1,eusible. Seth Green, in his magnificent 
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success in restocking the rivers of the Atlantic slope with the shad, did 
a work of far greater importance than he with other :fi.sh-culturists hav:e 
done in the propagation of trout. . 
The cod, mackerel, herring, white-fish, shad, salmon, and salmon-trout, 
deserve the principal attention in the efforts at increase. 
With the three first-mentioned artificial propagation has nothing to 
do at present; probably never will. Of the others the white-fish is the 
most important as a food-resource, because of its numbers and because 
it can· be obtained at all seasons of the year. 
In adaptability to artificial propagation it is probable the shad· has 
the advantage because of the rapid development of the eggs. But there 
is still a difficulty in the way of the propagation of au unlimited num-
ber of shad, in the fact that the streams to which they formerly resorted 
are obstructed by numerous and high dams. There are no obstructions 
of this character to interfere with the white-fish; and in the great lakes, 
if it were advisable, there is nothing apparent in the way of the propa-
gation of unlimited millions. 
The character of its ·food has also a bearing on its adaptability to rapid 
increase. There is considerable loss among the speckled trout from 
the larger ones preying upon the smaller. In England the salmon have 
been accused of the same habit to some extent, while the young are in 
the parr and smolt stage. But nothing of this kind will ever deplete 
the numbers of the white-fish. Invertebrate forms of life constitute its 
entire food. To some extent it will suffer from the rapacity of other 
fishes, but, as shown on other pages of this report, in a state of nature 
the ova-stage js the one in which the greatest loss is suffered. 
(22 b.) Tlie food of tlie white-fisk.-The food of the white-fish has been 
a problem inciting numerous conjectures among :fishermen, sportsmen, 
and flsh-culturists, and baffling the investigations of a few naturalists 
for a number of years past. 
To Dr. P.R. ~oy, of Racine, we think belongs the credit of first dis-
covering correctly the character of their footl. On opening the stomachs 
of numerous white-fish he at first failed to determine the character of 
the stomach-contents, until, after washing the half-digested mass in a 
basin of water, be found the sediment to be full of small Crustacea, whose 
existence in the lake had never before been suspected. 
My examination and preservation of the stomach-contents from all 
quarters of the lakes confirmed Dr. Hoy's observations, and discov-
ered a few other small forms of life. as the food of white-fish. 
The invertebrates found were of crustaceans: species of the families 
Gammaridre and Mysidre; of the mollusks: species of the genus Pisidium; 
and certain insect larvre. 
A few fish-ova were frequently found in the stomach, and it was not 
unusual to find a little gravel. 
In the greater portion of the lake the Gammaridre constituted the 
principal food. In shallow regions small Oonchifers were more nu-
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merous. At Point aux Barques on the north shore of Lake Michigan, 
where a Yery large type of the white-fish was found, the stomach-con-
tents were entirely of the .1..lly:,;is rel,icta Loven. In the Sault Sainte Marie 
Rapids in J nly a mass of small Chrysalides was found in the stomachs 
of a number of white-fish. In October, from the same locality, the 
larvre of the caddis-fly were found .in the stomachs, apparently carefully 
separated from their artificial coverings. Stomachs opened in Lake 
Superior coutaine<l principally the Jl[ysidcc. 
At Rocky Island, in the northwestern part of Lake Michigan, a vessel 
with a cargo of wheat was lost a few years ago. The fishermen say that 
white-fish were taken in that vicinity for several years afterward with 
wheat in their stomachs. 
Ra,rely white-fish will take a bait. The breakwater protecting the 
Illinois Central Railway at Chicago was formerly a favorite fishing-
place, and in early summer was often lined with a row of boys and men 
fishing for: perch. There was seldom a day passed but that a few white-
fish were taken. Mr. Trompe, of Sault Sainte Marie, has frequently 
taken them in that locality with a hook baited with a May-fly, Ephenie-
r-idcc. ..c\t tt fislliug-dock on Sand Island, one of the group of the Apostle 
Islauds, Lake Superior, there were a few taken this season with a worm-
hait. 
The leecli, Icthyobdella punctata Smith, parasitic on the white-fish, 
aud numerous in some localities, was in no instance found in the stomach. 
This corroborates Dr. Hoy's observations. 
A similar fact was· noticed afterward at Detroit River. A parasitic 
crustacean, a Lernmci, was found aduering to the white:fish in numbers, 
and, though many stoma,chs were examined, iu no instance were any 
of the parasites found in the contents. 
Both tlw Lerncco., and the Icthyobdella are related to species made use 
of as foo(l by the white-fish as near in the one instance, as being in the 
same class, and the otller in the same order. 
Tile mouth is constructed for nibbling along the bottom, the opening 
being directed nearly downward, and they gather in the small life of 
the bottom aud the gravel as they move slowly along. 
Dredging in the lake at different localities and examination of stomach-
contents at numerous points prove that the crustaceans and the mollusk, 
constituting the principal food of the white-fish, are distributed through-· 
out the lake-bottom, iu all localities and at all depths, over about twenty 
fathoms. 
In Torch Lake, a deep iuland lake in the Granc.l Traverse region, Mich-
igan, where a large type of white-fish is found, the dredge brought up 
the same species of crustaceans and mollusks as were found in Lake 
Michigan. 
The failure to find food in the stomachs of white-fish has frequently 
resulted from the fact that the fish examined were taken from the pound-
nets, w~ere they bad remained long enough to digest the contents of the 
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stomach before they were taken from the water. Fish from the gill-
nets have generally the food in the stomach only partially digested, 
while a hundred fish in succession from the pound-nets may be opened 
and every stomach found empty. 
It is frequently asserted that aquatic vegetation afforded sustenance 
to the white-fish. The investigatiom1 in the past two years did not 
result in any confirmation of this notion, and it would not accord with 
the habits of any species of the family of fishes to which the lake white-
fish belongs. 
(22 c.) The migrations of the white-jish.-The assertion was sometimes 
made among the fishermen that the scarcity of white-fish at any one 
locality wars no reliable indication that the number bad decreased, but 
that the schools had probably migrated to some other region. 
At Waukegan, Ills., the white-fish come into shallow water in the 
greatest abundance in the months of June and July. The same habit 
is obser,·ed in various localities on the lakes, though by no means at all 
points. Several places on the shores of Lake Michigan, in the south 
half of the lake, in the vicinity of the Apostle Islands, Lake Superior, and 
at the Thunder Bay Islands of Lake Huron may be referred to as locali-
tH where the July migration occurs. George Keith, Esq., a factor of the 
H udsou Bay Company, at Mi.chipicoten, in 1840, affords Sir John Richard-
liOU the same information in the habits of a species of the Goregonus. It 
w.1 for a long time a difficult matter to discover the reason for this sum-
mer run on the shore, if, indeed, it has yet been correctly accounted for. 
The contents of the stomach were found to be the same as at other 
sea.sous of the y~ar. It was uot probable that the white-fish was an 
exception to all its congeners of the Salmonoid family, and preferred 
the ,varmer temperature of shallow water to the colder waters outside. 
Besides, the schools of white-fish were alw,a,ys found to leave a region 
where wide areas of 15hoal-waterexistedas the heat of summer advanced. 
The theory adopted to account for this summer visit to the shore was 
that the calm, quiet weather of the summer montqs, from the slight dis-
tnrbance of tho surface, prevented the amount of aeration to the water 
tha1 occurred at other seasons of the year, and the fish sought the shore 
where the splashing on the beach and sanu-bars supplied the water with 
the requisite amount of air, just as other species of this family of fishes 
delight in rapids and falls, because the breaking up of the masses of 
water supplies it with a large amount of respiratory gases. 
In waters like Lake Erie, where, according to the lake-survey, the 
temperature attains as higb as 75°, the white-fish seek the cooler deep 
waters in the summer, and I have not learned of a migration upon the 
shore at any point, they, perhaps, preferring a less amount of aeration 
t-0 a high degree of heat. 
The fact that in the month of August the" bite-fish of the Sault Ste. 
Marie Rapids leave the river entirely, and do not return until in Septem-
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ber, weakens the force of the theory that the aeration of the water 
is tlle necessity that brings them to the shore of the lake in the summer 
Prof~ssor Agassiz, in his tour of the north shore of Lake Superior, in 
184!), found the white-fish scarce along the shore and at the rapids, in 
the month of August. Among the Apostle Islands, Lake Superior, and 
n most of the dee1wr portions of the lakes, no scarcity is observed at 
this season of the year. At the rapids they so entirely abandon the 
locality in August tlrnt the supply of fish for the hotels bas to be ob-
tained from Point Detour, at the head of Lake Huron. 
It was a disputed point among the Waukegan fishermen whether the 
migration was directly in from deep water or along the shore. The fact 
that, in some instances, the schools of fish struck the nets at one point, 
and afterwards entered the nets in succession along the line of the shore, 
was thought by many to prove a littoral migration. But the fact was 
that~ in all likelihood, the advance portion of a school would touch the 
slwre at some point and then move in either direction along its line. 
The presence of large white-fishes in numbers at certain localities on 
the north shore of Lake Michigan, of a size that are never taken at other 
parts of the lake, would indicate a local habit, with no disposition to 
range through long distances. 
Another observation, sustaining the probability oftbis, is the fact that 
there are many localities on the lakes where the pound-nets, a few years 
ago, found prosperous fishing, a,nd in the first few years took the white 
fish iu great abundance, but found afterwards a decrease from year to 
year until the locality was abandoned, while fifty miles away the busi-
ness still co11ti1med succm;sful. 
The well-known local instincts of the salmon would, to a slight extent, 
confirm the probability of like instincts in its related genera. 
The fact that certain types of the white-fish are peculiar to particular 
localities, as the north shore of Lake Michigan, the Rault Ste. Marie 
Rapids, Bachewanna Bay, on Lake Superior, indicates a local habit 
through many generations m'ttil certain characters of a race have become 
estahlished. The same faet has been stated for the shad on the Atlan-
tic coasts. 
Some observations made in 1871, perhaps indicate the opposite of all 
the foregoing statements. 
In the early part of the season there had been very few fish caught 
Ou the west shore of Lake Michigan, between Chicago and the Door 
Islands. South of Chicago, at the mouth of Calumet River, the run 
of white-fish waH iu excess of anything bad for years. But, about the 
15th of June, the schools of fish left Calumet, and a few daJ7 S later there 
wa~ a decided improvement in the catch at Evanston. About June 22, 
the lifts at Waukegan began to be heavier than they had been before. 
During the firRt week of July the fishing was obsen~ed to improve at Mil-
waukee, Manitowoc, and Bailey's Harbor, and, a little later, at the Door 
Islands. 
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c·i 1 .. 11n· in dates rather indicated a probability that the same 
1 
,I' ft 1 1 bat clogged the nets at Calumet during six or seven weeks 
.irl :.'.•·d northward along two hundred and sixty ~l~s of coast. 
u. 
11 
ll'i·•· on the fishing would have been the same 1f 1t ~ad ~een 
of schools of fish from deep water ~t these pomts m to 
h ••1·1•. • • • . • • 
I 
11 11 
, •· • to ol,tain a definite knowledge of their habits m this particµ• 
1
1
, 111 •1 ·ti t :1 , . with numbers indicating the locality, were distributed to 
L ''"' men 1t twenty points along the lake, to be fastened to the :fins of 
lt . 1 11. which were then to be released. Instructions were at the same 
111 , 11 t to all fishermen to report the capture of :fish bearing these 
111 , , I .• nd the distances from where they were taken to the point of de-
1' 1 , u 1·1• would indicate the extent of their migr.ations. It is thought that 
1 u r-,, of them were used. A similar proceeding was ~fterwaJ"d carried 
1 1 t r. (' eorge Clark, of Ecorse, on the Detroit River, but none of 
Hi Ii h wPre _. n heard from. 
, ,,. 111 11 , fishermen of the west shore assert that, after severe 
1 11 . ,·w•r,, 1l'11ing on the shore, and making the water muddy for a · 
1•1 :. li .1 111• • on , when the storm subsides there is a heavy deposit of 
111 11, l llll t lw bottom, and that the white-fish aband~n the locality for a 
trnll'. h, , .. 11 they surmise, their food is buried in the sedi;rnent. 
c II I 11 , •• ,n ,. 1, , after ordinary storms, there is generally an imp:rove--
1, , 1: 1 n 11 , • · i1 d1 of fish, probably for the reason that the great aeration 
., t I t , .it, . rcn<l1·i them lively, aud incites them to move about. 
, mi ,• 1 , 1 tion from the southern. portion of Lake Michigan is of yearly 
,. 1111 r 111· · 11 hout the middle of June, and is, without doubt, occasioned 
1• • I 11 !• • · t.. of shoal water becoming heated. The same thing 
t, Ill in ( ;n•1•1 1 Ba~, a1Ul in t.he shoal regions of the western end of 
:I .t II. 
'l lw mi r. ,tions into shallow water, and up certain streams, in the fall 
, It 1r, tor tl ll' purpose of spawning, will be considered further on. 
' Ii i mi•• ·ation, 111d I.be summer visit to the shore, are the general mi-
p1 •1·11 liar to the white-fish, while the departure from · shoal re-
' nuner, and from certain localities in August, are local pecu-
('' .. d ,) Tit• 1iabit8 of the wkite-jisk during tlte spawning-season.-The 
111,111111:1 1111 111 hit oftbesalmonissharedbytheirrelatives,the doregoni, 
·1111 h 1• ,l 1 · .• 1 nt. Several species are known to ascend the riv-
• 1 I 1 · r • • ·: t and Europe, from the Arctic Sea. These migra-
1 ·n bed b, Pallas, though they have not perhaps in all 
1 • ' ' •·1 " ·c· ~1 bon to the time of spawning, in a few are quite evi• 
Ii' It 111 I ••• l purpose, as, in his Sal mo clupeoides, Ooregonus 
;unther; he ·a. they ascend the rivers during the autumn, 
anti return in rl · the ice forms. 
Othe1~ Ii 1• indifferently in fresh and salt water .. There are specimens, 
in the . ~·ational lluseum, of white-fish collected by the late Mr. Drexler, 
from Hudson's Bay. Some eight or nine species of the Arctic regions 
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arc found in both salt and fresh water. The Ooregonus qua.drilateralis 
Rich., of Lakes Superior, Michigan, and Huron, -was found by Richard-
Ron in the Arctic Ocean. 
The white-fiHlles, throughout the larger portion of the lakes, come 
into shallow ,rater, to deposit their spawn, about the middle of N ovem-
ber, just at the time when the salmon-trout has finished spawnin.g and 
is returning to deep water. At this season they come in from deeper 
water, in yast schools, and are taken in large quantities by the nets. A 
notion, prcvaleut among the :fishermen in some localities, that the 
female fishes arri ,·ed first, an<l were followed, a fow days later, by the 
male, was not confirmed by my observation. 
The bottoms 011 the spawning-gronn<ls vary in character in different 
localities; rock, f,;arnl, clay, and mml being nse<1 indifferently for the 
Hpawning-beds. 
'l'he depths at which they spawn range from eight feet to fifteen 
fatlwms; the larger number probably spawning in depths of about 
eight or ten fathoms. 
fo the Sault Ste. l\Ial'ie River, and in the D2troit River, in the faU 
of the year, they congregate in great numbers, for the purpose of spawn--
ing. In a number of rfrers emptying into Green Bay, the white-fish: 
was formerly taken in abundan.ee, in the spawning-season. Saw-mills. 
are numerous on all of these .streams at the present day, and the great. 
quantity of sawdust in tho streams is offensive to the fish, and has: 
-caused them to abandon them. In one or two ri v·ers of the north shore• 
-of Lake Miel1igan they are still found in the autumn. 
Tile l\fichipicoten River of Lake Superior, on the authority of Major -
Long, who commanded an. expedition to this rP.gion in1823, and George 
Barnston, Esq., of Montreal, Canada, formerly of the Hudson Bay 
Company, is a favorite spawning-ground of the white-fish. The Nepi-
gon River, which our steamer entered while returning from the north . 
shore of Lake S1tperior, about the middle of October, was said to con-
tain_ schools of wb.ite-fish~ whid1 had probably entereil the river for th~✓ 
purpose of spawning. 
There ir-; a probability th~t there was a time wheu the white-fish 
ascended. many of the clear rivers of the northern lakes th O'h th 
h . . . l l b" . ' ouo at t 1s was a um~rersa rn 1t 1s not probable, at any rate since the white 
man has heeu m the country. 
The fi:-;hermen, with. their gill-nets, follow in shore the m· t· f . . 1gra 10n o 
the wlnte-fish m the month of October, and a few days before th "ddl 
f N l th 
. . . e m1 e 
o ov~m >er . e spawn 1s ripe m a few fishes, and by the middle of the 
month 1s runn_rng freely, so that. boats and nets are covered with the 
spawn and milt. Just at the tune the ova are beginnin ·t • 
l l k . g o r1pen tie a e-trout, Salnw namaycush, has fimshed spawning and · 1 - • -" l . . , 1s eavmg 
1.or c eep water. The white-fish contmne to spawn until the last week of 
November or the first week of Decemuer,when they, too leave the sh 
aud seek deeper water. ' ore 
S. M:is. 74--4 
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In 1111 Jh-t roit I'h·er, where there were :fine opportunities for observ-
,11 .. Lill n h at thi period, o,ving to the advantages afforded by l\fr. 
1
1 11 r c 1 , . -, of Erorse, we f01V1d that the fis~ ascended the river 
1h, 11 tlu- Lt t week of September, usually followmg the same course 
1111011 ,, 1 • i f: inds . ear after year. Mr. Clark's observations on the 
111, .. 1,1 iou of the white-fishes had discovered that they ascended much 
1;11 t lll'I •·a r. ago than they do now. They are still taken as high up as 
( ·1111 reh. me, twehe miles up the Saint Clair River. None have been 
, ·"';-. it ,hove this point for many years. It is a singular fact that the 
, hi t 1• fish are not known to descend from Lake Huron into the Saint 
( l:i ir Hi er. This is established by abundant e,idence from continued 
fl lung at Fort Gratiot, where Mr. Clark, between the years 1830 and 
J. t:... took large quantities of the wall-eyed pike, Stigiostedion americana, 
,II in rr frequcntl;y one thousand banels in a year. The catch of white. 
1 h .11nou11ted to an occasional supply for his own table, except after 
111:.: continued storms from the northward, when the :fish sometimes en-
t •1 1•cl tlu ri ,., in sehools. They were never found in this portion of the 
11\'l'l' in th(' .-pawning-season. 
I h,· :1.111• factis claimed by the Indians in the Sault Saintel\farieRiver, 
1:1L t 11· whit .. fishes of the lake above neYer descend the rapids, while 
h•· "·hi t•• 11 I of the river, it is also asserted, never ascend to Lake 
, ·,If .. 11' , . ' JL.,1 · j-. not al-l good evidence for the truth in this locality 
, ., t F11l I C: ratiot; ill it may be the case. 
4 ., mining the fish on the 30th of October, it was found that the spawn 
,,1 t 1 • •, hitc-fish "'aM hard and firm, with rarely a fish approaching 
iJ 1 'II 
On t h•· 1. r of . ·ovcmbt·1 , in the picketed pond, where the .fishes are 
mclu 1•1 , uumbel's of fish were seen jumping from the water, principally 
h1• 1 •1 ii ng, who take delight in this exercise at different seasons of the 
· •: 11 . Occasionally a. white-fish threw its bulkier form above the surface,. 
On t be 8th of the month l\Ir. Clark and I were out on the piling 
11 n-mmding the pond, and found the white-fish jumping in numbers, so 
t 1:, 1 1 hel'e was a. continual splashing of the water. They almost uni-
111111 rl. 1umped in pairs, and we could see quan~ities of spawn in the water 
immcd i,1t,·I afterwards, which rapidly sank. 
Ir. Clark and I both succeeded in capturing a pair in the act of 
J :n 111•· the water, and found male and female with milt and spawn run-
ning 1 • .J, • Mr. Clark made use of a fine wire scoop as the pairs of :fish 
di • ppeared from the surface, ancl almost invariably took a quantity of 
. , wn from the water. 
The males were uniformly smaller than the females. I succeeded in 
catching a pair in which the female weighed seven pounds, and the male, 
who escaped before he was weighed, did not exceed one and a half 
pounds. 
ovem.ber 9.-I again saw the white-fish jumping from the water iii 
the er-ening, almost uniformly in pairs. Rarely there were three leaped 
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together, ouc female arnl two males. In the pairs there was always 
a large one, evidently a gravid female, and a smaller one, the male. 
At tl.Jis season of the year it is e.,sy to detect the difference in sex, 
the abdomen of the female being swollen and rounded, while the males 
are leaner aud angular in the abdominal lines. 
I saw by long watching that the males were worrying the feinales. 
They seemed possessed of strong sexual ardor, and followed the female 
with persistence, keeping close against her and with the head about 
eYen with the pectoral fin. Driven by the persistent attention of the 
male the fcma.Ie arose vertically, he following, and she making a con-
vulsiYe effort to escape, the water being from three to ten feet deep, 
they threw themselves together above the surface, and the spawn and 
milt were emitted at the time when, from their position, their vents were 
approximated. The spasmodic fluttering and effort observed sug-
gested a sexual orgasm. At times I saw them moving rapidly beneath 
tbe water in the same close contact, and the male with his snout eyen 
with the pectoral fin of the female, often turning- together with the white 
of the belly upward as she turned and twisted to escape him. Often as 
they came out of the water they would fall apart in different directions, 
but the male invariably turned immediately in pursuit, so that I was led 
to think they were monogamous, as is the fact with their relathTes the 
salmon and the speckled trout. 
No1•eniber 10.-The white-fish jumping in great numbers toward sun-
set. Iu most instances, when near by, I observed a quantity of eggs, 
perhaps three hundred or five hundred, emitted at once. The milt of 
the male did not discolor the water. 
The same actions occurred as before observed, springing vertically 
from the water with a spasmodic, fluttering effort, the male's head oppo_ 
site the pectoral fin of the female, turning together beneath the water 
until both abdomens showed upwards. Occasionally three sprang above 
the surface together. Sometimes the pair fluttered along the surface to-
gether for a long clistance. 
November 14 and 15.-Went out to the pond at midnight, and again at 
1 o'clock a. m., and found the white-fish jumping. The fact that they 
are quiet in the day-time, previous to 4 or 5 o'clock in the afternoon, indi-
cates a parallel habit to that observed by Seth Green, of New York, in 
the shad, they, as he asserts, spawning principally in the night, though, 
unlike what was the case with the shad, we hacl no difficulty in finding 
spawners in the forenoon with the seine. 
November 18.-The fishing stopped all along the river. Visited the 
island. Cold, strong wind from the southwest. Thermometer 260. No 
white-fo;h t.o lw. seen in the pond. A few herring coursing around the 
piling. 
No,,,eniber rn.-Same as yesterday; no white-fish to be seen. Caught 
some of the herring with the clip-net; found their spawn still hard and 
small; their :-;tonrnchs ,rnre fnll of white-fish spawn. Mr. Clark and I 
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, men and dredged in the river, obtaining~ quan-
h . ~ .. Nearly all were dead. Afrerwards_d1pped a 
h. puu l nearly all of which were dead. . 
iv,.. ..... ;;,,.,,..:.!• .-Made another visit to the island. No white-fish seen 
Jt I. ( 'old, freezing weather. . 
.! 1 h , ml 25th of the month, while at Sandusky, Ohio, ~umbers 
1 
1
•1 • fouml with the spawn in different stages of ripeness, 
1 1 1.q1 1 it ,r them bad spawned. 
1 




•11, and t 111 , fish is undoubtedly relaxed and weak; but not 
• l . 1 11', t tbe salmon, as well as certain other species of the 
ull,.,..n,mi. 1 1 •. did to be reduced. The male shows but little indication 
r·,, were preserved from fishes of different sizes, and a 
m 1d1 b .. , i.., hiug the entire ovaries and then counting the eggs 
1 1• in il . f1 ,1 it II and calculating from it the number of the whole. 
used for this work, and the table may be relied 














I 11 m., ,, an average of about ren thousand increase for every ad-
1t 1ti 11, I pound •·••'11t in the fish, which is precisely Mr. Seth Green's 
im 1 ,. , from his observations in spawning white-fish. Considerable 
··ld,,t·,, 1 in the weight of an equal number of eggs was observed, de-
JI I i 11 , upon the stage of development at which they had arrived in 
h 
11 rin · tt , • spawning-season, the fish from tlte river were found to 
• · ,., . Iii tie in their stomachs. 
( ! :.. Ilabil of brook-trout during tT,,e breeding-season as compared with 
l 11 • • lf., wkU fah. 
. m 111 :ii ison of the habits of the male and female white-fish with 
tlm I I the trout, Salmo fontinalis, and of the salmon, is interesting, 
I ,·om l 111 t•J tire difference ot' their conduct toward each other, and the 
manner of depositing the spawn. 
The male brook trout, in his behavior to his mate, is a cavalier of the 
first order. His colors are at their brightest, and his fresh and bright 
appearance makes him one of the handsomest inhabitants of the north-
ern waters. Instead of driving the female and annoying her with a per-
sistent worrying, ~sis the case with the white-fish, his whole wooing is 
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the most polite attention and the gentlest of persuasions. He moves 
continually to and fro before her, parading his bright ·colors, while she 
rests quietly, with her head up-stream, vibrating her fins just sufficiently 
to pre,ent :floating down. 
While at Mr. H.F. Dousman's breeding-house, near Waterville, Wis., 
early in the winter, I had the opportunity of observing the habits of 
the trout on their spawning-grounds. A pair of large trout had selected 
a spot near the bank of the stream where the water was about ten inches 
deep. The female had fanned the gravel with her tail and anal fin until it 
was clean and white, and had succeeded, by strong sweeps and flappings 
of her caudal fin against the bottom, in excavating a cavity in thf3 bed 
of gravel. 
.December 14.-A pair of large trout were frightened a·way from their 
nest as I came to the edge of the bank. Concealing myself behind a 
willow-bush I watched their movements. The male returned first, 
reconnoitering the vicinity, and satisfying himself that the coast was 
clear, spent a half-hour in endeavoring to coax the female to enter the 
nest. She, resting half concealed in the weeds a few feet away, seemed 
unwilling to be convinced that the danger was gone, and he, in his full 
bright colors, sailed backward and forward from the nest to his mate, 
rubbing llimself against her, and swimming off again in a wide circle 
close along the bank, as if to show her how far he could venture with-
out fin ding danger. She finally entered the nest. 
December 15.-Carried out a buffalo-robe and shawl to the top of the 
flume, near the head spring. Found a pair of trout in possession of a 
nest. They fled at sight of me, and having got comfortably settled in 
the robes, I lay quietly for fifteen minutes before the male approached. 
He swam directly over the nest, and examined in the vicinity for a few 
seconds, and then swam off to find his mate. A close observation de-
tected a scar on his side, possibly receirnd in a battle with some other 
male. It served as a very distiuct mark to identify him among others. 
He returned to the spot once, driving off another male before she came 
with him. They moved along in the vicinity of the nest, she turning 
and swimming away for a short distance once or twice, and he attend-
ing her devotedly. She finaJly settled in a nest about five feet from my 
position. He drove away a small trout several times without any very 
violent demonstrations. She s001~ began to turn in the nest as if ex-
amining its condition, and again settled quietly, keeping up the slow 
fanning movement with her tail, the anal fin brushing the pebbles 
as large as pigeon-eg.gs that were in the cavity. 
Soon after she rolled on her side, made three convulsive flutters, 
striking the pebbles with her tail, and sending up a little cloud of gravel 
and sand. Immediately afterward she turned short round, as if look-
ing at the condition of the nest, or its contents, and once I thought I 
detected her in taking some gravel, possibly an egg, in her mouth. She 
lay resting quietly on the bottom for a short time, while the male played 
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baek a)l(l forth around her. She moved away from the nes~ after a 
whih•, visiting so·me nests in the vicinity that probably contamed the 
t'g;g;s of other trout, but soon returned to her own nest. The _male at-
tl'ndf•cl bPr wry <'losely, and, as they returned to the nest, restmg for a 
:-;ecornl 1war her, he curved his body slightly, bent the dorsal fin to one 
:--icle, allCl with his body strained to rigidity, a slight tremor was ob-
:--nncl, allCl hl' again moved away. About once in ten minutes the flut-
tc·ri11g; oc·<·turecl ou the part of the female; a little cloud of sand was 
st irrc·d up, lint I lookecl a long time in vain for an egg. At last one 
was thrown upwarcl with the sand, and the male coolly swam toward it, 
op,•11c•cl his moutli, and it clhmppeared down his throat. His on-recur. 
ring rigidities aJLCl tremors seemed to have no specia,l connection with 
her throc•s, 01· thc· possibh~ cmh;sion of eggs, which I suspected at these 
t i11H•:--, thou:J1 "·itlwut auy evidence of sight. He was very' brave in 
clri,·i11g off thc· rnalcs that approached, but one large one came twice, 
while- 1 was watching them, that he did not attack, but swam in between 
him a11d his 111atci :-.t>n'1·al time:-., with an evident intention of keeping 
lti111 from her. 'l'hl' :-.tra11g-n, however, in both instances placed himself 
11(•ar the f'c-111:ilc•, ancl tl11· :-.anw curving, a,rnl rigidity, anfl tremors were 
ohsc·n·c•c l. 
The last time the rightful groom swam away with the stranger, who 
garn him :-.Pn~ral punches with his jaws. The evident intention of the 
former src·mr<l to be to entice the intruder away from the nest. He es 
<'ortccl him off for a 1011g distance and returned again to his mate. After 
three hom·:-.' ohHcrvation of similar maneuvers! I left them to pursue, un-
cli:-.t nrlH'cl, tlH•ir :-.ing·nlar actions. 
The whole c·o11cluct of the male towarcl the female was a cont-iuued series 
of C.'aressN;. I le :-.pent his whole time in circling around her, rubbing 
ag-ai11:-.t her, a11cl wlH1eli11g away to return again, and exhibited every 
c,·iclC'111·c or jl•alo11sy when other males approaclied. No viole.nce to the 
f<·mall' was om•n·d at :111y time by her mate, though I saw him twice bite 
hc•r gc•11tly whilo tl1C' :-.tr:lJlg'l'r-trout was near, as if communicating to her. 
Sc•th (; n·c•11, who has occupied hours in observing the movements of 
trout, t hi11ks the whole 111m·emc11t8 I hacl the fortune to observe, were 
111<·n·l_y tlH· 11s11al adio11s of' trout .in:-.t rnbseqnent to the time of spawn-
i11~. TIH•., HPIT<', howewr, to contrast the conduct of the male toward 
th<' ft•111alc' with that of the whitc-fi:.,b. l\lr. Green says that occasion-
ally wh(•ll tht• fl'111ale tries the patic11e£~ of the male too long in refusing 
to l'11tc•1· the 11e:-.t, he SIIHJ>l'tHlH moral suasion for a time and hurries her 
towarcl tl1<' 11est with a Yig-orons use of 11ose and jaws. A vertical move-
1111'1. t cn-<'r the lll'st, a11cl oeca:-.io11ally the pair locking their jaws to-
gl'thrr, a:-. tltc·.r ro:-.e, was what ~r l'. Grecu oln,e1Ted whcnc•.,·ei· the eggs 
were ernittecl hy the femal<'. 
Tl1<.· brig·ht11e:-.s of tlw skin atHl colol's, the white margin 011 the unue~· 
tiu:-., a11d the comparatirn thinness of l>ody, distinguish the male at the 
:--pa w11i11g-s(•aso11 fro111 the female, who is <lark-colored, the outer rays 
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of the under fins tinged with blue, and the abdomon swollen at this 
period. 
(22 f.) Development of eggs and embryo.-It has been proven by repeated 
observation by fish-culturists that the higher the temperature of the water 
in which the eggs are placed the more rapidly the embryo fish develops 
within the egg, and the sooner it escapes from its inclosure in the shelL 
The temperature of the succeeding months after the spawning-period 
probably regulates to a considerable extent the time of hatching of the 
white-fish in the lakes. 
On the 11th day of April, at Ecorse, on the Detroit River, I visited 
Grassy Island in company with Mr. George Clark. The inside of the 
bag of a seine was lined with millinet and dragged in the river, bringing 
ashore a great quantity of mncl and the small forms of life inhabiting 
the bottom. Sifting and washing out the mud resulted in :finding one 
little worm-like fish-embryo, one-half inch in length, which I at once 
suspected to be the specimen sought after. Other attempts with the 
seine failed entirely from taking any more. 
Mr. Clark then proposed that we take a boat an<l search carefully on 
the surface for the young fish. Taking a pail an<l dipper, we shoved,off 
our boat, and Mr. Clark pulling very slowly with the oars, l hung over 
the gunwale, and in a very few minutes found a little, active fish swim-
ing with his head at the surface, and captured him with the dipper. He 
proved to be identical with the one ta,ken with the seine. In the course 
of half an hour we captured forty, all of the same size and state of de-
velopment. l\Iost of them were taken within five or six inches of the 
surface, though they were frequently seen coming up from as far below 
as they were visible. They were nearly white, with a pair of large black 
eyes, were very active, moving continually, propelling themselves with 
a constant motion of the tail, and swimming with the head up and the 
body depending at au inclination of about fifty degrees. They seemed 
apprehensive of danger, and tllrned quickly from the dipper ·when it 
came near them, occasionally escaping. They had no gregarious instinct 
whatever, and though occasionally taken in pairs it was probablr an 
accidental circumEi1iance. 
On April 14: we again vil-;iteu the iNlarnl a1Hl caught a number n10re of 
the young fish. 
A few <lays la,ter lVIr. Clark arnl I visited the breeding-house of Mr. 
N.W. Clark, of Clarkston. He had put down a large quantity of white- , 
fish ova ill November, aud had taken the water flowing over the eggs 
from a pond that had remained frozen over nearly an the winter. The 
temperature of the water had remained at 34° or 350, and the young 
fish had begun to hatch out on the 1st of April, and about the 9th or 
10th were all out of the shell. This temperature is probably much 
the same as Detroit River at Ecorse, sixty-eight miles below Lake 
Huron, the current flowing at the rate of two miles per hour. 
The appearance of the umbilical sac in the specimens from both 
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d ·t evident that they were.of about the same age, and indi-plsces, ma e 1 1 h t · h · cated the fact that in waters that are frozen over t iroug ou t e wm-
ter the yonng white-fish escape_ from the egg about the first week of 
April. S . b bl' The temperature of Lake Michigan, ~uron,. or u~er10r pro a y · 
does not descend below about 40° or 43° m ordmary wmters; a_nd the 
young fish would be likely to make their appearance a week or two 
earlier. 
The young fish lived in the glass jar of water two days, were then 
transferred to an eight-ounce bottle, and, carried over thirty hours by rail 
and steamer, and did not arrive at their destination, Waukegan, Ill., 
until thirty-six hours after they left Ecorse, Mich. They were all in 
good condition, and were placed in a quart jar of fresh water._ There 
were thirteen of them altogether. 
April 19.-The young white-fish are very vigorous, and are i1:1 con-
tinual motion. The water has been changed once. Although the yelk 
,me has not diminished, they act a~ if seeking food in their movements 
around the jar. They open their months very wide. · Occasionally 
they take in dust masses, and eject them again as ff they were unpal-
atable. 
pril 21.-Umbilical sa~ in one individual diminishing . 
. lpril 22.-Umbilical sacs reducing rapidly . 
. tpril 23.-Yelk-sacs being rapidly"absorbed. The membrane on the 
anterior part of dorsal line is also slightly diminished. 
April 24.-Tl.te umbilical sacs becoming minute. The fin-membrane 
anterior to position of dorsal becoming absorbed. At the center of the 
anterior ventral section of fin-membrane, a slightly· opaque white spot 
is apparent. In front of the anus, and on lower half of caudal, are 
similar ones. The color of the head is assuming a greenish tinge . 
. 1pril 25.-The globule in anterior part of yelk-sac has become divided 
up into numerous smaller globules, scattered like beads, or more like a 
row of bobbles, through the length of the sac. When they open their 
mouths the gill-arches show quite distinctly. Exorement voided by 
some of .them. 
April 28.-Umbilical sac entirely absorbed. First dorsal fin becoming 
well defined. Posterior section of <lorsal membrane contracting. · Fur-
cation of caudal slightly indicated. 
After an absence from home of six da$EJ, I returned on May 6 to find 
only one alive. A brown confervoid growth had developed in the 
water, and the young fish, attempting to swallow it always got it entan-
gled in its gills, and soon died. ' · 
In mJ· absence I visited Clarkston and purchased for private parties 
from Mr. N. W. C~ark one thousand young trout, which I brought safely 
to a brook two mlles north of Waukegan, Ill. Mr. Clark gave me one 
hundred and fifty young white-fish, most of them with the yelk-sac only 
partiaUy absorbed. The difference in temperature evidently made some 
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difference in the rapidity with which the umbilical sac disappeared, as the 
young fish I had carried home were in the same stage <'f development, 
April 14, as when I had visited Clarkston previously. Now, May 1, the 
fish in Mr. Clark's troughs still retained considerable of the sac, while 
on the 28th of April the young fish in the jar had lost it entirely. The 
jar had been kept in a moderately warm room, ·with a temperature of 
about 65°, while · the water in the troughs at Clarkston flowed from a 
pond that bad been covered with foe until within a few days previous. 
(22 g.) Food of embryonic white-fish.-The young fish reached Wauke-
gan in safety, and were placed in five quart glass jars, and an experi-
ment begun in attempting to supply them with suitable food. A num-
bered label was pasted on each jar, so as to keep them distinct. 
Knowing that the larger white-fish fed largely on crustaceans, an at-
tempt to feed them on food of this character was thought worth a trial. 
A few craw-fish were procured and pounded to a paste, and small por-
tions put into jar No. 1; the young :fish ate it readily. They were fed 
at night, and the next morning every one of them was found to be 
dead. Jar No. 2 was supplied with bread-crumbs, and the fish were 
seen to take small particles in their ruouths; they did not die so sud-
denly. Jar No. 3 was supplied with sweet cream, but no evidence was 
afforded that tlrn occupants fed upon it. A quantity of rain-water was 
exposed to the ray8 of the sun for the purpose of generating minute 
forms of life, and a teaspoonful was poured into jar No. 4, morning and 
evening, iu hopes that tlwir proper food was of this character. In jar 
No. 5 a variety of food was proyided, dry fresh beef, milk, boiled 
potato, and bre~ul. The crumbs of bread and the scrapings from the 
beef were all that the fish were seen to take into their mouths. They 
died, one after another, very rapidly, and in a few days all were dead. 
There were other things unf.worable to them, in these experiments, be-
sides the lack of their natural nourishment. To conduct these experiments 
favorably, they should be placed in a la.rge vessel, and a stream of fresh 
water should l>c supplied constantly so that the water should continue 
pure and the production of confervm be avoided. 'rhis difficulty of pro-
curing a suitable food for the young white-fo,h has been the experience 
of the few fish-culturists who have hatched them. 
A set of specimens representing young fish from the Detroit River, 
from the troughs at Clarkston, and from the jars, were preserved in 
alcohol and submitted to Mr. S. A. Briggs, editor of the Lens, Chicago. 
A letter from l\1r. Briggs contained the following: 
" CHICAGO, .ilf ay 28, 1872. 
"MY DEAH, Sm: The four vials containing C. albu,s came duly to 
hand, and have, with the alcohol and water in which the specimens were 
preserved, been carefully examined. 
"The intestines of specimens No. 77 and 78, from Clarkston, were en-
tirely destitute of organic matter recognizable under a power of 400 
linear, which ought to be ample for the purpose. 
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"rrt10sc of specimens 7G and 79, from Detroit RiYer, contained numer-
ous specimern, of two species of Dia,t01nacecc, viz, Fragilaria capucina, 
anu Stcphanodiscus 11iagarcc. The former is a filamentous form which 
grows yery abundantly in our lake-inlets attached to stems of lilies. 
The latter is a large form which, from iti; peculiar build, contains con-
siderable nutritious material. 
"Yery sinc<>rc>ly, yours, 
"S. A. BRIGGS." 
(~::! h.) Rate of growth of white-.fish.-Furtlicr research for the young 
fish was mrnYoidabl,v delayed until the 1st of ,f uly. 'l'owards the end 
of June, from a sei11P-hanl at ,Yaukegan, a specimen of Coregonus alb1ts 
measuring eight a11d three-h•nths inches i11 length, one of C. qnadrilat-
eralis, measuring s0,·en and four-te11ths, and one of Coregomu; harengus, 
measuring three and fonr-frnth:-i inches, WPre obtained. 
At Sault Ste. :;\farie, Mich., on July 2, with a,n Indian in a uirch 
1•,rnoe, the Yi1·i11ity both auoYe and below the rapids was explored 
in the currC'ut and in the still water and along the shores, to find the 
s111allest grade of wltik-fishes that were to ue had. Along the shore, in 
tlw sharp current, sthools wen\ fo1111<1 of which the smallest taken meas-
nrcd fou1· inches aml ni11e-tcnths, and the largest six inches and one-
tenth. It was quite cvi,lent that tlwy had all been hatched the same 
Sl'asou. Another l'Xcnrsion in the lJirch resulted iu nothing materially 
diff<•reut. rrlie rni11i11uu11 rncasm·e1111\nt of the next grade talrnn was 
<'ight i11cliPs a111l three-tl'ntl.t:-;. 
At Hhoal falan,1, 011c of the Aposil•~ Islan,ls of Lake Superior, a white-
fish was taken from tlw pom11l-11et about the mid,lle of August, measur-
i11g- six i11cl1cs in le11gth, and another measuring six a.ll\l one-half inches. 
011 the :;,L of I>cc1•111bl'r, at Poi11t Edward, Oana,la, at the outlet of 
Lakl' I I II rn11, two SJH·1·i111P11s of ('or<'!f<>llllS (ll/Jlts W(•r1i ohtai1w<l from a seine, 
01w IIH•a:--11l'i11g· six iJJC'lll'-.; :1111l Piµ:lit-h•11th-;, aJJrl thP other stff<'it i11ehes 
and s(•,·1•11-t<•11ths. 
It i:-- \"Pl',\" prohahl1· t l1:1t thP ~ihoal Isla1Hl 1i:--lH\." of Ang-n.-;t a1Hl the 
Point E,lwanl ot1«•s of l)p1•1•111lwr :J m•rn tlw larg·pr-gTO\\"ll i11<livi1lna,ls 
of tlw sa111u g'PlH'r,ttio11 a., tho:--1\ tak1•11 at S,t11lt Hte. Mal'i1\ in Jnly. Th(>; 
difli•·ult poi11t to de1·id1· w,1.-.; i11 what .wa1· tl11· h~g"inni11g of this g·enera-
t ion :--l1011ld he pla<·1·1I. 
'1'111· 011I.Y po.,it i,·,, 1lat.1 with rcft•J'i'll1·:· to tli1\ g1·0,\·th of white-1ish, are 
1,,1111d i11 tl11· oh...;1•1Tatio11-.; of :\[I'. S.1!11'.1d \\'il111ut, of XPwc:Htlt\, (btario, 
in «·harg·1· of' tl11· g·11,·«•1·11111t111t ltah·lii11g;-ho11..;t• of Cana1la. 
~Ir. \\'ilr11ot report:-; that in Xornmht•r, 18n:-;, he placeJ a fJtrnntity of 
Spawn in tlw hatehi11g--tro11g·hs for an experiment, a.ml in the follo,ving 
.:\farl'lt a1ul .\pril a large 111tmher of young fry 1mule theie appearance. 
If•· fail<·ll in ti11di11g- food adapted to tlw young 1islt, hnt a wunhcr that 
escape(l tl.Jrrn1g·h the :,;cn·e11s ,,·er<· carried down to a small pornl ·where 
they seP111etl to tltriw and soon became well-uevelopi.'U yonng fi~lJ. In 
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the month of September they were exhibited at a fair in London, Can-
ada. They were then about five inches long. In December the young 
fish had attained the length of seven inches. 
Mr. N. W. Clark, of Clarkston, Mich., visited vVilmot's hatching-house 
in 1871, and in an address before the house of representatives of l\fichi· 
gan, said: "Enough is known from the success of Samuel ·wnmot, Esq., 
of Canada, to sustain us in the assertion that they(the white-fish) increase 
in weight about three-quarters of a pound a year, as those he had when 
we saw them, last January, we judged to have weighed about one and 
a quarter pounds, being then about eighteen months old." 
These are the only records of obsen·atious of the growth of the white-
fish, and evidences of this character are the only ones of any value of the 
.rate of growth. 
An attempt was made several times from large lifts of :fish lying in 
the :fish-shanties to arrange the different sizes of "'IYhite-:fish in series, 
with the hope that some evidence of the rate of growth per year would 
result. It was always found that the row of fishes, from the larger to 
the smaller, assumed the form of a spire-like pyramid, and a "straight-
edge" laid at their heads would have touched the noses of every one in 
the series, and on the opposite end it would have touched every tail, so 
perfectly regular was the gradation. 
It was difficult to believe that the "\Yhite-fishes, of from nearly five 
inches to six or seven, bad attained these dimensions in three months from 
the little half-inch embryos of April and May, though none of less size 
were found with the most diligent search. 
Mr. Wilmot's young fish measured about five inches in September 
when four months olu. Experience has proved that there is a more 
rapid grow·th of the young trout and salmon afterwards than during the 
first two months. The observation on the development of the young 
white-fish from April to the first week of May shmved the slightest per 
ceptible difference of length and bulk. If we assume them to be the 
fish of this season, then they had iucreaRed ten times in length in two 
months, precluding the possibility of a more rapid growth afterward. 
It is altogether probable that the fish measuring from four to seven 
inches in July were those of the previous season's hatching, and about 
sixteen months old. It is e(}ually probable that the Point Edward fish 
of seven inches are thm,eof the same season, as the:fivemonths intervening 
the 1st of July and the 3d of December should have produced considera-
ble growth. To confirm this opinion we have Mr. Wilmot\, statement 
that his white-fish ha<l attained the length of seven inches in December, 
These evidences of the rate of growth are the only conclusions we 
have been enabled to adopt with reference to the size attained at differ-
ent ages. Nor does this decide the average size of the growth of the 
white-fislles the first and second seasons. 
A very excellent opportunity of observing the sizes attained by the 
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brook-trout at different ages, was afforded at Mr. H. F. Dousman'$ 
hatching-house at Water:ville, Wis. 
There is a more uneven growth in the trout of the same season than 
among any of our familiar domestic animals, such as sheep, pigs, or 
chickens. 
Mr. Dousman's fish of the seaso"n, hatched in January and February, 
measured at the time of my visit, October 25, from two and one-half to 
five inches in length; while his trout of the previous season, about 
one year and eight months old, were from seven to fourteen inches in 
length. 
Mr. Dousman is a large feeder, supplying his fish with food regularly 
twice a day throughout the year. He has the most perfect arrangements 
for keeping his fish of different ages separate1 as there is no possibility of 
their getting together other than being dipped out of one of the box-
flumes in which they are separately confined and dropped through the 
11rap-door of another. 
The same great variation is found to occur in the parr and grilse stage 
of the salmon, aud is probably the case with all the· species of the Sal-
monoidre at all ages, the lake white-fishes included. 
(22 i.) Average size of mature fishes.-The average size of mature·fishes, 
in different localities, varies greatly. The white-fish. of the region of 
the Apostle Islands is a medium-sized fish. The entire catch of the nu-
merous fisheries in their vicinity should not be estimated higher than 
one and a half pounds for all the fish marketed., 
In Thunder Bay, on the nor.them shore of the lake, a lift seen in 
October contained fiRh that averaged about the same as at the Apostle 
Islands. 
Mr. George Barnston, of Montreal: a naturalist,- connected in former 
times with the Hudson Bay Oompany, says, with reference to the white-
fishes of Michipicoten Bay and River: "The produce of our own seines 
and nets I always regarded as composed of one species of white-fish, 
and the same as that caught e\·erywhere in the lakes." 
.a. large type of white-fish is reported from localities in the western 
half of Lake Superior, taken at certain seasons. Mr .. E. Alvord, of San-
dusky, Ohio, took a white-fish at Madeline Island1 one of the Apostle 
Islands, weighing twenty-two pounds and a half. Stories, not well 
authenticated, of specimens weighing twenty.four pounds ancl over, are 
common on Lake Superior. 
In Whitie-Fish Bay a type of white-fish is taken, said to average very 
large. A specimen was forwarded to Buffalo from this locality, this sea-
son, weighing twenty pounds. 
In Bachewanna Bay, opposit.e White-Fish Point, Mr. Barnston speaks 
of the white-fish as longer, ancl much thicker and heavier, than those of 
Michipicotien. 
At the foot of the Sault Stie. Marie Rapids the Indians fish in the swift 
current, from birch canoes, with large dip-nets, taking a type of white-
• 
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.fish, in large numbers, that will average four pounds in weight. A 
specimen was obtained of one of them this season weighing twelve 
pounds. . · 
The white-fish from the g,reater portion of Lake Michigan will average 
lower than those of Lake Superfor. A locality on the no~th shore of 
the lake has a very large type of white fish, of which the average of 
lifts I have seen brought to the shore could not be less than four pounds .. 
I was informed that eleven white-fish bad been put into a package, 
weighing one hundred and seven pounds and shipped to a man at Charle-. 
-voix, whom I afterwards saw and heard him 1·epeat the fact. The gill--
net mesh in use at this point was one-half inch larger than that of most 
points on the _lake. Two sp~cimens obtained at Point aux Barques 
weighed respectively ten and eleven pounds. 
Lake Huron white-fish are moderately large. From the western end 
of Lake Erie a large type of :fish are taken. Those ascending the Detroit 
River in the fall of the year average two and a quarter pounds. From 
the eastern portion of the lake the white-fish are smaller. The average, 
of Lake Ontario :fish is small. · 
(22 j.) Ranges as to deptk favored .by young white-fisk.-It is quite evi, 
dent that the young and immature white-fishes confine their range en-
tirely to the shallow waters near the shore. The pound-nets set in from 
twenty to forty-five feet catch numbers of small :fishes seven or eight 
inches in length weighing only a few ounces. The capture of a white~ 
- fish as small as seven or eight ounces is a very; rare ocmirrence with the 
gill-nets, for which twelve or :fifteen fa'thoms is the least depth ordinarily 
employed. Though making this·a special.point for observation during 
the tour of Lake Michigan, not a single specimen as small as eight-
ounces was seen among :fishes taken from the gill-n.ets, and the percent-
age of :fish as small as one pound in weight before dressing was incon._ 
siderable. 
A further confirmation of the in-shore range of young white-fish is in 
the fact that the catch of a pound-net set' on a thirty-six-foot shoal, six 
miles from the land at Bay de Noquet, contained only Nos. 1 and,2 fish. 
The head and mouth of the white-fish are so constructed that it is 
to a slight extent better guarded against entanglemeat in the mesh than 
its congeners, the lake herring and the cisco, so that there is a possibility 
that the small fishes pass through the meshes and escape 'capture. Still 
it is likely occasional ones would be taken, as an species taken by the 
gill-net are frequently found entangled about the body and fins, without 
any threads fastened in the mouth or even in the gills, and this often with 
the slender herrings and ciscos. 
The fact already referred to, that no young-white~:fish were found in 
the stomachR of the lake-trout, has an application here. The range of 
the trout in the warm season is in deep water, and as it is altogether 
likely the trout would make foo.d of the smaller white-fishes if they were . 
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to bf' found, the inference i:-; natural that they do not range into the deep 
water. 
From these ob:-;crvations it was evident that the white-fish were not 
found in any abundance in the deeper waters smaller than one and one-
fourth pound:-;, and it is not until they attain about this weight that their 
migrations into the deeper waters of the lake begin. 
From the examination of stomachs of immature fo,heR, the food was 
fonnd to he small crustaceans and insects. 
(~~ k.) Enemies of the 1.chite-fish.-The largest percentage of destruction 
the white-fish suffers is without doubt in the ova-stage. 
The spawn-eaters of the lakes are a numerous and widely distributed 
list of animals, including fishes, ampllibians and, itis claimed, divers, and 
dncks. The destrnction of the spawn by these methods is immense, and 
far exceeds the losses while in the stage of fry. 
'fhe most wholesale devourer of the eggs is undoubtedly the lake-her-
ring·. On opening the stomachs of the herring from the ponds in Detroit 
Uin•r, i11 ~ovemb2r, tl1cy were found to contain the eggs of white-fish. 
At fin,;t it was considereu possible tha,t, as they were confined in the 
p:m<b, their eating· Rpa,wn might l>e a matter of necessity, but later, at 
Sandw,;ky, tl1cfr :-;lomacb:-; were found gorged with the ova. The herring, 
the most I1nmcrons :,;pecim, inbauiting the spawning-grounds of the 
whit<·-lish, are witho11t donut the principal agents in keeping in check 
th<> i11crea:-;i11g number:-; supplied from tl1e fortilized ova. 
'fhc sneker.-.;, ;-;tnrgeon, and s1n'.tller bottom fee<ling-fishes are found 
with :--pawn in the sto!llach. 
'l'he ;-;o-c8;lled "water-lizanl," Jlenobrcrnchns l((,teralis Say is very numer-
<1118 in :-;ome of tlJe streams ,mu portions of the lake-shore. Mr. George 
Clark, of Eeor:--c, ::\fich., had a, minnow-seine fitted to the bag of a sweep-
:-;ei11r, :tll(l at 011.- hanl took two thousand of the "water-lizards." Estimat-
ing the <·xtent t.hat the Hct hac.1 passed over, he calculated the average 
unmucr of lizard:-; to each sq11are rod to be four. He says, further, in one 
of the Detroit papers," The lizarus were so g:orged with white-fish spawn 
that when they were thrown on the shore, hundred:-; of r.g:gs would fly 
ont of th<•ir months. * * * Home of the larger lizards 
would devour the whole spawning- of a white-fish in a day or two; an<l 
wlwn we consider that tlwse r«-ptiles are feeding npon eggs from No-
Yf'm hpr till ..:\ pril, some idea 11rn~· be formed of their vast capacity for 
<kstrnction.'' 
)lr. Hrow11e, of (~rarnl I Ia.Yell, ::\fid1., states tLat ;-;ome three years ago 
an c.•pi1le111ie R<•cme<l to pr<·,·ail among thP 1llenobrauclti in Grand Hiver, 
in the month of .J1111r and that their tle:111 carcasses were washeu ashore 
hy hm11ln•ds, so tl1at t hry lined tlic ua11k:-; of tl1e ri,·er, and the mill-men 
m·n· ohlige1l to thrnw the hollies off into the cnrrent, to be canie<l down 
stre:1111 to pren•11t th" offc11siYe ste11ch that was wafted into the mills 
fro111 the de<'aying remains. 
A ti.--li(•rma11 at Ernu:-;tou, Ill., a few years ag·o had ni11n hundred 
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hooks set in the lake, and in one day took from these five hundred lizards, 
removing them all himself, as his m'en, sharing the popular notion on the 
lakes, believed them. to be poisonous, and preferred to cut a way hook 
and all to taking hold of the slimy amphibian. They are, of course, en-
tirely harmless in this particular, and make no more attempt to bite than 
a frog does. 
A full series of this species was this season collected from Detroit 
River, from the length of one and one-fourth inches to thirteen inches. 
Later, about the middle of the month of July, Mr. George Clark col-
lected a quantity of their eggs, proving this month to be the spawning-
season of the animal. 
The sturgeon are very generally believed to be spawn-eaters. Though 
the oYa of the white-fish and the perch hav.e been obs~rved among the 
stomach-contents of this fish, the principal food has always been found 
to be snails, the fresh-water genera being generally represented, the 
weaker shells crushed into fragments, and the stronger ones of the Pa-
lu,dinidm and even Limneas remaining unbroken. 
Dr. E. Sterling, of Cleveland, who examined the stomachs of a large 
number of sturgeon in the vicinity of the Sandusky fisheries, made the 
same observation·:· 
There are few of the bottom-feeding fishes but whose stomaclls will 
not generally be fom:i:d to contain a few eggs, though in company with 
other food in greater quantity. · 
The white-fish stomach is generally found to contain a few·fish-eggs, 
though its principal food is the crusta:cea. The habit of leaving the shore 
iiµmediately after spawning probably prevents it from being an agent in 
diminishing its own numbers. · 
The natural casualties of storms, deposits of sediment, smothering the 
eggs, the vegetable growth found to be so fatal in the hatching-troughs, 
are to be considered in this oonnection as the dangers, though more fully 
represented on another page. 
In the fry-stage they must suffer to some extent from the piscivorous 
fishes. The most numerous and voracious of their enemies is likely to be 
the wall-eyed pike, Stizost~dion americana, numerous in the shoal waters 
of the lakes and comparatively rare on the deeper shores. The perch, 
Perea flavescens, are very generally distributed and quite numerous; the 
contents of their stomachs are generally found to be vertebrate forms. 
The black-bass, ]}ficropterus nigricans,is plentiful in Lake Erie, but as its 
ordinary food is the Graw-fish, where these are numerous its depredations 
on the schools of young fish would be of comparatively litt.le importance. 
The white-bass,Roccus chrysops, the muskellunge, Esox nobilior, and the 
lake-pike, Esox lucius, do not inhaQit the lakes in sufficient numbers to 
be very troublesome ~o the white-fishes. 
His the prevaifing idea on the lakes that the Mackinaw or salmon-
trout feeds largely on the white-fish. This point has been fully consid-
ered on a previous page, and the evidences disproving it related. 
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A . e\"erywhere civiliz~d man dist1:1rbs the balance of nature, and b?·· 
comes the great enemy to all forms of life that do not conform to his 
artificial methods for their protection. Not only by the hundreds of 
artifices for the capture of the white-fish, but in the foul drainage from 
the cities smelting-works, and manufactories, and in the quantities of 
sawdust from the mills, they are driven from their favorite haunts and 
spawning-grounds, and their food destroyed by waters tainted with fatal 
chemical combinations. 
The white-fl.sh, as far as my observations have extended, is infested 
\Vlth two external and two intestinal parasites. The external ones ar-e 
a crustacean, a Lernea, and au annelid, the Ictkyobdella punctata. The 
Lernean was found only in the Detroit River, adhering to the fish on the. 
dorsal region, and with its bell-shaped sucker buried in the epi-
dermal sheath of the scales. On the white-fish swimming in schools 
near the surface around the edge of the pond in Detroit River,: it could 
be detected by close examination fastened to the fish. There were sel-
dom more than four on one fish. The lake-herring, confined in the same· 
pond, swam in close contact with the white-fish, but in no instance,. 
although careful observations were made repeatedly of the herring while, 
in the water and after capture, was the Lernean foun'd upon th.em. In 
Lake Superior they are found to be numerous on the siscowet~ 
The Icthyobdellan, a leech of three-fourths of an inch l-0ng, grayish, 
white in color, with brown tesselated markings, was seen in great 
numbers in the month of April, while the fishermen were lifting their· 
nets from about fifty fathoms some fifteen miles out from Kenosha. 
Wis. -
1:hey covered the nets and fishes of all species, and fell in such 
numbers on the deck that it became slippery, and an old coat was 
thrown do,-rn for the man who was lifting the gang to stand upon. 
They were very tenacious of life, living for a long time on the deck, 
and for se,~eral days in the bilge-water of the fish-boats. 
They were in such numbers that it was difficult to decide whether 
they had a preference for any species, and were found filled with blood 
both in the gills and while attached to the body, though it was difficult 
to imagine that they could fill themselves with blood from the epider-
mal sheath of the scales. They were thought to be most numerous on 
the white-fishes, as they were in greater numbers on them than on the 
trout, the lawyer, or the cisco, the only other fishes taken. 
A pre'failing but mistaken opinion in the vicinity was that the white-
fish fed upon the leech. Dr. Hoy's investigations disprove<! the notion, 
and all examinations of stomach-contents confirmed this fact. One of 
the intestinal parasites resembled the leech ~omewhat in form. The 
otherwas an Echinorhynckus. Theywereneverfound within the stomach, 
but always in the duodenal portion of the intestine near the mouths of.' 
the crecal tu bes. 
MILNER-FISHERIES OF THE GREAT LAKES. 
23.-THE LAKE-HERRING. 
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The so-called lake-herrings, Argyrosomus clupeiforrnis, (Mitch.1) aud A. 
Ji.arengus (Rich.,) are very numerous in the shoaler waters of the lakes. 
In the shoal regions of Green Bay and Lake Erie they are found in 
vast schools, crowding into the pound-nets in masses until the "cribs" 
are filled to the surface of the water. In Lake- Erie frequently a corner 
of the net is lowered and a large proportion of them allowed to escape 
before the remainder are thrown into the boat. Although they have 
been taken in this way for years, there is no apparent diminution in 
their numbers. Perhaps the little disposition on the part of the :fishermen 
to catch them iu some measure accountsfor this fact, though there must 
be, as well, some natural advantages in their proli:ficity and in the tenac-
ity of life of the egg. They are little sought after because they are not 
a favorite :fish in the market, being rather deficient in qualities as a, 
fresh or salt fish, though having no objectionable flavor. They are small 
a.nd thin whenopened,and become shrunken when pickled. A mode of 
curing them, lately adopted at "'.,.aukegan, Ill., and Sandusky, Ohio, 
makes them the most delicious food. It is merely a slight pickliug in salt 
brine, and then exposing them to the smoke of a hot :fire for a short 
time. By this process they are prepared for eating without any further 
cooking, and are very much s;uperior to the ordinary smoked herrings. 
They will keep two or three weeks in hot weather when but slightly 
smoked The profit on them to the fishermen is less than any other fish 
handled from the lakes, because of the low price they command in the 
market, and the expense of dressing and packing is much greater than 
in white-fish, trout, or pike, because of their smaller size. 
The greatest length attained in an overgrown specimen seen. at Point 
Edward, on theUanadian side of the head of Saint Clair River, was about 
nineteen inches in length, and it weighed about two pounds. The aver-
age length is scarceJy one foot and the weight about nine or ten ounces. 
Differing from the white-fish in the construction of the mouth, it 
being terminal, they more readily take a bait, and may be fished for 
with hook and line with a suitable bait. Insects are the best for this 
purpose, though they are frequently taken with a minnow. The con-
tents of the stomach have been obtained in lmt a few instances, the 
fish beiug taken almost exclusively in the pound-nets, and in these 
they have generally remained long enough to digest the stomach-con-
tents. A few specimens from seines in the Detroit River were found to 
,contain insects and a few oftlle Gammar-idw, but no remains of vertebrates, 
though the herring are frequeatly taken with a minnow bait. They 
were found, by examination of the stomachs during the spawning-
.season of the white-fish, to be spawn-eaters of the worst character, 
their Htomachs beiug crammed with white-fish ova, and, considering 
the great numbers of the herring, and their vicinity to the spawning-
ground8, the destruction they effect must be very great. 
S. Mis. 7 4--5 
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Although a, yery general opinion prernils, in different parts of the 
lakes, that the herring :-;pawns earlier than the white-fish, the oppor-
tunities afforded for obserrntion, tliis season, indicated otherwise. 
In nreen Jfay it wa8 asserted that the herring came on to the shore 
in masses alwt~t tlrn Gth of ~0\-ember, and although they were found 
in more or lesH abnn<lance at all seasons of the year, there was a very 
e,·ident general movement at that time. The only positive evidence of 
the fact of spawning is tlie emission of spawn by the fish when handled, 
and the migrations of the schools and the mere fact that the spawn 
are large does not determine the season of spawning. In regions 
where fishing is not carried on late in the season, it is a Yery common 
habit among the fishermen to conc:nde on some particular time during 
the fislling as tlie spawning-period, basing the belief on migration or 
appearance of the spawn, when, in reality. the fish do not spawn until 
after the fishing-season closes. 
By November 25 of last year, the majority of white-fish in the west-
ern end of Lake Erie were found to have finished spawning. ·with 
few exceptions the ovaries were emptied of their load of eggs; the 
abdomen was wrinkled an<l flaccid, and but few eggs were emitted 
when thrown into the boats or on the fish-house floor. The lake-her-
rings at this time were found to be fnll of ripe eggs, which were voided 
from the ovipore of female:,; whenever the fish was moved, and e\"'en while 
lying in heaps on the bottom of the boats or floors of the fish-houses. 
Earlier than thi~, between the 1st of November and the 20th, examina-
tion of the oYaries on nearly eYery day had fonn<l, in the larger propor-
tio11, the ovaries hard and compact. 
The herrmg were taken at this time in their usual haunts, tlle poun<l-
rwts capturing tlwm in immense quantities, making it probable tllat 
thr.)· do not change their locality in the spawning-season. ·what tlleir 
snuseqne11t habits may be, would reqnire obsen·atiou later in the :-;ea-
son than tishiug iH generally carried on, though the new custom of 
allowing pon1Hl-11cts to remain until the ice lias covered the bays would 
afford a farnrable opportunity. If tliey remain upon tlle spawniug-
g-rott1Hh1 they wonltl umlonbtedly be their own worst agent of destruc-
tion. 
111 the winter of 1871, in Green Day, to the sonth of E~canaba, l\lkll., 
it was di:,;c•o,·erell that the herring had congregate'd in large numbers iu 
:111 ope11 space free from ice 11ext to the shore where a number of springs 
in the l,auk supplied a quantity of water of too liigh a temperature to 
frtt.·ze 1·eadil.,·. )Ii11110\\·:-; ,rere found crowded in masses at the water's 
e,lg"t•, a,ul n;-;i11g them for hait the hening were taken in large numbers, 
a11d occa-;io11ally a white-fish from about twenty inches of water. 
All that i;-; kno,,·11 of the time of hatching of the heniug-ova is from 
tlu· experiments of )fr. ~eth (~reen. 
I 11 the report of the conm1i~sioners of fbheries for the State of X ew 
York for the ,n·ar 1.'-i,l. it i:-; st:-itell that a quantity of tbe impregnated 
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spawn of the lake-herring was obtained and treated similarly to the 
white-fish om. It is stated that "their time of incubation is about the 
same [as the white-:fisb.J The newly-hatched fish are very small, not 
exceeding three-eighths of an inch in size. The umbilical sac lasts but 
a few days, and the fish begin to swim and feed as soon as they come 
out of the shell. They are as actirn at one day old as the trout at two 
months. The young fish, being so small and delicate, are, of course, 
bard to keep. * * * They have increased in size faster than the 
white-fish, and the indications are tbat they are a more hardy fish and 
more easily raised." 
The ovaries of a specimen examined wejghed two ounces, and con-
tained sixteen thousand and forty eggs. 
At ,vaukegan, Ill., from a seine-haul 011 the 23d of June, a num-
ber of young herring were swept in with the larger fish, measuring from 
three and one-third inches to four and a half inches. At the rapids of 
the Sault Ste. )farie Ri·rnr a number were taken, from among the rocks 
near the shore, on the 2d and 3d of July, that measured from two and 
firn-eighths inches to six inches in length. It is probable that the 
smaller grade were the fishes hatched the previous year. 
On the 3d of D'ecember last herring were taken with a minnow-seine, 
at Point Edward, measuring from five inches to the size of mature fishes, 
the smaller ones being in all probability the same generation as those 
found at the Sault Ste. l\Iarie earlier in the season. 
Besides its enemies among tbe spawn-eaters, the herring bas much 
the same class of enemies as those already enumerated for the white-
fishes. 
Of the parasites the most marked species is a Bothrioceplwlus found 
in the muscles of the dorsal region. They measure two or three inches 
in length and are found in masses between the intermuscular fascim of 
the back. The specimen in which the parasites were found was taken in 
Detroit River in the month of April, and tb.ongh not observed after the 
month of June, it is certainly common earlier in the season, as the fish-
ermen are familiar with the fact. A parasitic worm has also been seen 
in the intestine. 
The external parasite of the white-fish, a Lerncca, was not seen at-
tached to a single specimen of the lake-herring where hundreds were con-
tinually passing in the confined ponds of Detroit River, though they 
were seen to be Yery common on the white-fish. Nor were any specimens 
of the Echin01·hynclms found in the intestines, though a white-fish is 
sel<lom examined without finding them numerous. 
24-.-THE LAKE-STURGEON, Acipenser rubimmdus. 
(24 a.) Synonymy.-ricipenserruuicundus,LESUEUR, Trans. Amer. Phil. 
Soc., (new 8t.0 ries,) i, p. 388, pl. 1:3; RICHARDSON, Faun. Boreal Amer., 
iii, p. 2f !; FITZE\GER and HECKEL, Ann. \Vien. 1Ins., i, p. 316; DEKAY, 
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Zool. N. Y. Fisbeij, iv, p. 344, pl. 58, fig. 101; S1'0RER, Synopsis Fishes 
N. A., p. 248; THOMPSON, Hist. Vt., pa.rt 1, p. 149". 
Acipenser rutlienus major.-FORSTER, Phil. Trl:"!ius., lxiii, p. 149, 
!Young.] · 
Acipenser rupertianus.-RWH.A.RDSON, Faun. Boreal. Amer. Add., p. 
311, pl. 97, [Young;j STORER, Syn. Fishes N . .Am., p. 249, [Young.] 
Acipenser laei•is.-.AG.A.ss1z, Lake Superior, p. 267; DuMERIL, Hist. 
Nat. Poiss., ii, p. 151, pl. 17. 
Acipenserca·rbonarius.-AG.A.ssrz, Lake Superior, p. 271, pl. 5, [Young;) 
DUMERIL, Hist. Nat. Poiss., ii, p.111, fYoung.J 
Acipenser rhynclueus.-A~.A.ssrz, Lake Superior, p. 276, [Young;] Du-
MERIL, Hist. Nat. Poiss., ii, p. 179. 
Acipenser oxyrhynchus.-THO)J.PSON, Hist. Vt., part i, p. 149. · 
Acipenser maculosus.-GUNTHER, [in part,] Cat. Fishes Brit. Mus. viii, 
p. 339, [Yonng;] DuMERIL, Hist. Nat. Poiss., ii, p. 114, [Young.J 
Acipenser antliracinus.-DUMERIL, op. cit., p. 126, pl. 15, [Young,1 
Acipenser megalaspis.-DUMERIL, op. cit., p. 135, lYoung.j 
.Acipenser lamari.-DmrERIL, op. cit., p. 139, [Young.] 
Acipenser kirtlandii.-DUMERIL, op. cit., p. 161. 
Acipenser nertianus.-DUMERIL, op. cit., p. 162. 
Acipenser buffalo.-DUMERIL, op. cit., p. 231, [Young.] 
(24 b.) Characters separating it from other American speoies.-In com-
parisons with the limited number of specimens of other specie~ that are 
available, the more prominent differences between this species and the 
others were found to be in the following charact.ers : 
In general form there is perhaps one American species, A. o.vyrhynchus, 
more elongate. The mouth is large, compared with the species mentioned 
and with .A. brevirostris. In the size of the area of naked skin around 
the eyes and nostrils, it agrees with A. aoutirostris, and differs from the 
other American sturgeons, in which it is very percept1bly larger, appar-
ently reaching its maximum in A. tra.nsmontanus . 
.A. oxyr/1,ynchus, in the specimens at hand, is well distinguished from 
the lake sturgeons, as well as other American species, in the proximity 
of the frontal plates, usually merely separated by a naked strip of skin, 
the last-mentioned character "\""ery marked in the young specimens. In 
A. rubicundus and others, the ethmoid plate extends high up between 
the frontals, separating them entirely. Exceptions to this fact are 
very rare, the only one that has come under our observation being 
in a young specimen of A. maculosus, from the Ohio River. 
There are no plates surrounding the anus, as in A. oxyrhynchus and 
A. lweviroatria. In the fact of the presence of well developed shields 
posterior to dorsal fin, it is different from A. transmontanus and A. medi-
rostris. 'J;be variations in the number of shields in the dorsal series, in 
a very large number of observations at the fake-fisheries, was found to 
be between 11 and 15, the number of 13 being found most frequently. 
In this, though a variable character, it is pretty definitely separated 
from the otlier specfos, except A. transmontanus and A. brachyrhy-nclius. 
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1.'he variation in the lateral series was .within the numbers thirty and 
thirty-nine, the most often-recurring number being thirty-four. In this 
character it is well separated from A. oxyrhynchus, A. brevirostris, A. 
transmontanus, A. acutirostris. The number in the ventral series was 
found to v.ary between eight and ten. From A. maculosus, of the Ohio 
River, a ,ery constant character differing from A. rubicundus. was ob-· 
served in the longer blades of. the keels on the shields, they being pro-
longed backward and the points or hooks directed posteriorly, while in 
the lake species the keels are more central and their points rise nearly 
vertically. 
In the obsolescence of the plates, certain species of the old world are 
similar. Kirtland claims the same fact for the Ohio River sturgeon. 
In a specimen of A. tran.mwntanus, in the National Museum, ttJ_e same 
tendency is indicated, tbe plates of the body having become thin and 
wafer-like and no appearanc~ of the keels :remaining, though in younger 
specill).ens·the keels ·are :prominent and sharply hooked. 
The skin throughout is covered with tooth-like points, and is unlike 
other American species in the minuteness of these interserial ossifica-
tions, except A. transmontanus and_ A. medirostris. 
The snout in the adults is very much obtuse and rounded, and its 
cartilaginous extremity very little protected by plates~ Its great reduc-
tion in length, with age, makes it an unreliable element in calculating 
the proportions of the body, and in the table of proportions it is, for this 
reason, not included in the measurements of the specimen; the propor-
tions of parts to the length of the trunk being calculated with refer-
ence to the distance from the opercular opening to the end of the lateral 
series of plates, and tbe parts of the head to its length, are calculated 
with reference to a measurement from tµe orbit to the posterior edge of 
the opercular opening. 
(24 c.) Different characters in old and young sturgeons . ....:...The great 
number of species of sturgeons made by numerous authors has resulted 
not alone from basing them on characters of insufficient value, but 
from the great differences in the appearance of old and young 
specimens. These differences are in the snout, which is, in young 
specimens, long and slender, but whch, by being absorbed or failin.g to 
grow as rapidly as the rest of the body, in the large sturgeons has a 
blunt and obtuse form; and in certain species, in the possession of large, 
well-developed shields in the younger on.es, and their gradual disap-
pearance as they matm:e and attain full size. . 
Allusion has been made by Dr. Kirtland to the faet of the disappear-
ance of the shields in certain American species as the fish increased in 
siz~. In acc.ordancewith this view, he placed the names of several species 
of other naturalists as synonyms of A. rubicundus. This arrangement 
was accepted by Storer and introdtlCed in his Synopsis of the Fishes of 
North America. 
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Gunther refers to the tendency to variation in these characters in the 
common European sturgeon. . . 
Dumeril refers to the shortening of the snout and w~armg away of the 
plates, but is not influenced by his knowledge of the fact in establish-
ing species. 
· Among many hundreds of,sturgeon of different sizes brought in from the 
nets and landed while we were visiting the fisheries of Lakes Michigan, 
Superior, Huron, and Erie, not a single specim·en was seen, of a size of 
three feet or less in which the five rows of shields were not developed 
' and keeled; and if the young of the larger individuals are not represented 
in these, they are not taken by the seines, pound-nets, or gill-nets that, 
gather in :.(i.shes from all parts of the lakes and streams. 
Up to an average length of about twenty-firn_inches the shields in-
crease somewhat in size; afterwards there is a gradual diminution by 
the wear of the keels and the absorption of the shield at the edges and 
base. The snout, too, from the thin, elongated point of the smaller in-
dfriduals, is d watfed into the short, obtuse anterior extremity of'the lar-
ger ones. 
Besides the examination ofa large number at the fisheries.with the ob-
ject of determining the number of species, we have made a minute ex-
amination of twelve specimens, of from one foot three inches to five feet 
seven inches in length, from the lakes, with the following results: In 
specimens of fifteen inches and less in length the shields are distinct, 
large in proportion to the size of the fish, but crowded and imbricatecl ; 
up to about twenty-five inches in length the shields increase somewhat 
in size and become less crowded. The shields of these smaller speci-
mens have well-developed keels, terminating in a hook or spur, with a 
sharp point. In those a little larger the points are found dull and the 
hook disappearing. The keel, finally, is no longer apparent, Jeaving the 
white, worn mark of its base on the shields. The shields decrease in 
size from the edges ; those just anterior to the ventrals are the first 
found missing; the ventral shields disappear entirely, and the posterior 
dorsal shields are next founcl missing, until a few of the anterior ones 
are barely distinguishable; even the callosities of the skin, showing the 
former position of the shields, become effaced, so that it is impossible to 
count the nuru ber of ventral or dorsal shields. The lateral series are the' 
most persistent, and have never been found in our observation entirely 
effaced. In a description of a specimen from Lake Erie, Dumeril gives 
the absence of the lateral sliields as one of the characters. [Hist. Nat 
Poi~., p. 151.] ' 
This entire disappearance of the rnutral shields is almo~t without 
e~ception in the full-grown specimens. Examination of hundreds of spe-
cimens at the fisheries of the Detroit River, at Sandusky, Ohio, where 
a 'f'ery large quantity are taken, at Waukegan, Ill., Calumet, Ill., and 
the L~ke Huron and Lake Superior fisheries, proved this fact beyond 
' ,nest1on, the only exceptions being the retention of a remnant of tht' 
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shields, like a small button, in a few mature specimens. The keels 
of the dorsal shields have been seen in a few individuals slightly promi-
nent, where they had attained the length of about three feet, though 
these might not have been older than some of a smaller size who had 
not had so rapid a growth. · 
(24d.) Descr·iption of adiilt specim.en,""""'.'Head from orbit to pe_ctoral 
arch, .20 of length of trunk; an oblique line from orbit to posterior 
of supra-occipital plate, .19 of length of trunk. 
The following proportions are given in one-hundredths of the distance 
from the orbit to the posterior edge of opercular opening, mea~ured in 
a line with the axis of the body: Width of head at anterior nasal ori-
fices, .34; width of head at orbits, .50; width of head at temporal 
plates~ .61¼; width of head at narrowest part of opercular openings, 
.54¼, 
P. 40; D.·35; A. 26; C. H· 
Dorsal shields, 4 anterior ones apparerit; lateral · shields, 38;-reduced 
to indistinct, narrow remnants; ventral shields, no trace remaining ; 
shields separated and without keels. 
Length, 5 feet 7 inches. 
Locality, Ecorse, Mich., Detroit Ri ,·er. 
(24e.) Description of young specimen.-A comparison of young speci-
mens with mature ones shows the greatest diff~rences to be the dev~lop-
ment of the shields, and the very much longer snout. · The number of :fin-
rays, the series of shields, and the form and arrangement of the bones- of 
the head, on all but the rostrum, correspond to the older specimens. 
Head from orbit to pectoral arch, .17 of length of trunk; an-oblique line 
from orbit to posterior of supra-occipital plate ,16½ of length of trunk. 
The proportions of the head are given in one-hundreths of the distance-
of the orbit to the pectoral arch. Width of head. at anterior nasal ori-
fices, .f0; width of head at orbits, .59; width of head at temporals, . 70; 
width of head at narrowest point of -opercular openings, .66f . . 
_P. 37; D. 3_7; A. 24; C. H· 
Dorsal.shields, 11; lateral shields, 3:l; ,·entral shields, 8 and 9; keels 
slightly worn. 
Length, 28.2 inches. 
Locality, Bayfield, Wis., Lake Superi~r. 
Specimens from Lakes Erie, Huron, Michigan, and Superior have no 
more variation in characters than can be -found among the . specimens 
taken at a single :fishing ground. 
(24.f.) Size of mature flsli.-The sturgeon of this species attains the 
. largest size of any fish of the lakes. They are takef1: only within com-
paratively shoal waters, and in some of the bays, and among the islands 
they are very abundant. 
The largest specimen it has been my fortune to see did not quite 
attain the length of six feet, though there are traditions in localities on 
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the lakes of nine-foot sturgeons. The a ye rage of the mature ones taken 
is less than five feet. · · · 
(24g.) Numbers.-In numbers they will n9t compare favorably with 
any of th.e staple food-fishes. At Sandusky, Ohio, where they are more 
numerous than in any other locality, except, perhaps, Green Bay, Wis., 
there were about fourteen thousand mature sturgeons handled, weighing 
about seven hundred thousand pounds, obtained from about eighty-five 
pound-nets . 
. (24h.) Econornical value.-As an article of food they are not generally 
popular. But few people in the cities know the modes of cooking that 
make their meat a palatable dish.. A certain quantity is disposed of 
fresh by the peddlers. With the Canadian-French people of the lake-
shores they are in demand, and are prepared in the form of soups, 
(bouillon.) With a good, hearty out-door appetite, this is very palatable 
food, but too rich in the flavor of the oil of the fish for ordinary us~. 
The flavor of sturgeon:meat has very little of the taste of fish, and the 
bouillon, when carefully prepared by skimming off the oil, is very much 
like chicken-soup. A very good pickled meat is made of it by boiling 
it and preserving it in vinegar. 
But the best form of preparing sturgeon is by smoking it. The 
smoking of sturgeon-meat has been done at different points of the 
lakes on a small scale, but is only carried on to a large extent by 
Schacht Brothers, of Sandusky, Ohio. The method employed by this 
firm is the following: The sturgeons are skinned and the viscera 
taken away. The thick parts are then cut into strips, and after a slight 
pickling in brine are smoked over a close fire. The thin portions and 
offal are boiled down for oil; the spawn is made into caviare; and 
from the bladders isinglass is manufactured. 
The smoked sturgeon is a most palatable meat, and is quite popular, 
making an excellent substitute for smoked halibut, and, in the opinion 
of a great many, having some quaUt.ies superior. 
The caviare is made by pressing the ova through sieves, leaving the 
membranes of the ovaries remaining· in the sieve, and the eggs falling 
through into a tub. This is continued until the eggs are entirely free 
from particles of membrane, when they are put into a salt-pickle and 
allowed to remain for soine timt'. Nearly all the caviare is shipped to 
Europe while in the salted condition.. [For full acconnt of manufac-
ture, see appendix; Account of Fisheries and Phoca hunting, &c.] 
Mr. Schacht says they use from ten to eighteen thousand sturgeon a 
year, receiving during 1872 thirteen thousand eight hundred and eighty, 
averaging fifty pounds each. Before this firm began their work, the 
sturgeon taken by the nets were uselessly destroyed or sold by the 
wagon-load for a trifle, just as is the case in Green Bay, Wis., at the 
present time. The .firm at Sandusky settled at that point only a 
few years ago, bringing with them but a small amount of money. They 
now own their curing-house, warehouse, and freezing-house, all neat, well-
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arranged buildings for their purpose. A good substantial dock adjoins 
the buildings. They ha·ve interests in other profitable investments · at 
Sandusky, and are generally well to do. The sturgeon has ·been the main 
part of their business, though they have smoked other fish for the mar-
ket, principally the · lake-herring. Out of a shameful waste of a large 
supply of food they have established a large and profitable industry. 
The details of their success are reported because in the other parts of 
the lakes, excepting the ·vicinity 'of large cities, where they are gener-
. ally marketabie, the sturgeon are destroyed in the most wanton and 
useless manner, and there is the opportunity in Green Bay, Wis., for 
some one with skill and enterprise to succeed to an equal extent, and 
to utilize thousands of pounds of food .that are wasted every year. 
Visiting a firm in Chicago, who handled smoked ·sturgeon, I learned 
that their books contained orders for much more than they could supply, 
a!1d they were.willing to. pay a round price for the article. The fisher-
men would, of course, be willing to sell the fresh sturgeon as they are 
taken out of the net, but think they cannot afford th~ trouble of smok-
ing the quantity they capture· in their own nets. The Sandusky firm are 
not net-owners, but purchase all their fish, and the same arrang~ment fs 
necessary in this locality. Some of the Lake Michigan fishermen own-
ing a small steam•fishing-boat would be the best prepared for this work 
as they could gather up the catch of each day from a large number of nets 
and carry it to the curing-establishment. The sturgeon could.be obtained 
for a mere nominal price, as the only care . among the fishermen of the 
locality, during my visit in 1871, was to get rid of them to the best ad-
vantage. fThis enterprise has been Jately begun by a man well quali-
fied to succeed. J 
(24 i.) Range of Sturgeon.-The chosen range of the sturgeon. is the 
1 
shoaler waters of the lakes and their bays. They are very abundant 
among the islands at the western end of Lake Erie, in Green Bay of 
Lake Michigan, and at the southern end of this lake. Chaquamegon Bay 
of Lake Superior, near the .Apostle Islands, has them in numbers. They· 
are found in all localities in more or less abundance. · 
(24 j.) .F'ood.-Their food co~sists almost entirely of the shell-fish of 
the lakes, principally Gasteropods-the thinner-shelled kinds of the 
genera Physa, Planorbis, and Valvata, being found broken in the stom-
achs, while Lininma and M(!lantko remain whole. A few eggs of fishes 
have been found at different times, but examination of stomachs during 
the sp~wning-season of some of the most numerous fishes did not prove 
them to be very extensh'e spawn-eaters. . . 
(24 k.) Habits in the spawn-ing-season.-The spawning-season. of the 
sturgeon in the more southern lakes occurs in the month of June; in 
Lake Superior it is a little later: Early in June, in the southern end of 
Lake Michigan, they begin to congregate near the shores and at the 
m?utbs of the rivers, the Kalamazoo River, emptying at Saugatuck, 
Mich., being a favorite spawning-ground. They may be se~n in the 
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e,ening in this river, leaping from the surface, throwing their bulky 
forms entirely out of the water. At Pier Cove, Mich., on the 11th .of 
June, 1871, schools of sturgeons were at the edge of the shore in a few 
feet of water, and wen from the vicinity were in the habit of wading 
out and drawing them ashore with gaff-hooks. Eighteen were taken in 
this way the morning we visited the locality. They were said to be 
found in the vicinity every year about this season, remaining about a 
fortnight. It is likely they were spawning at the time. Whether the 
shore of the lakes, where the wMTes would disturb the eggs in every 
storm,is a natural spawning-ground, isa question. They may have been 
late arrivals -seeking the mouth of the Kalamazoo River, a few miles to. 
the _north of which they are said to ascend to the first dam, many 
miles inland. 
Mr. J. G. Portinan, of Benton Harbor, successful as a fish-culturist, 
has seen the sturgeon at this season lying in numbers on a shallow clay 
ledge at the edge of a stream, several of them Ising flat on their backs, 
with their bellies upward, rolling and splashing in shallow water, with 
apparent enjoyment. Two or three that were taken with spears were 
opened, and the stomachs examined, and found to contain some of the 
sturgeon-spawn. At the mouth of Calumet River, South Chicago, Ill., 
July 1, of the yea:,; just referred to, a large lift of ~tui'geori were brought 
ashore, looking flaccid and emaciated, and but one specimen out of 
over twenty individuals contained spawn. In the vicinity of Bayfield, 
Wis., Lake Superior, they were seen late in the month of July with 
the ovaries full of spawn, and the milt of the male fishes large, makiug 
it probable that the time of spawning was later in colder waters than in 
warm. 
(24 l.) Enemies.-In Green Bay the fishermen set their pounds for fall-
fishing about the 10th of September. The sturgeon are in abundance 
and the nets often contain a hundred or more. This is said to continue 
until about the middle of October, when they diminish in numbers and 
the white-fish become plentiful. As the latter are the fish sought for, the 
storgeon are considered a nuisance and annoyance. A few fishermen are 
considerate enough to lower the corner of a net and allow them to escape, 
bnt the commoner way is to draw them out of the net with a gaff-hook 
and let them go wounded, or to take them ashore and throw them on the 
refuse-heap, asserting that there will be so many less to trouble them in 
futore. A very large number are destroyed in this way, probably equal-
ing or excelling the number taken in the Yicinjty of Sandusky., 
Tbe spawn is probably subjected to the depredations of numerous 
fishes. It is not likely that the young sturgeon, except in the earliest 
stages of their growth, suffer from the attacks of other fishes, as they 
are too well defended with the sharp spine of their shields to make a 
comfortable mouthful for any fish of the lakes, and after the spine dis-
appears have attained a size large enough to render them safe. 
A parasite that troubles the storgeon is the lamprey-eel, Petromyzon 
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argenteus Kirt., which is found·very frequently attached to the skin. The. 
circular scars and raw sores sometimes found upon the sturgeon, and 
attributed to this cause by the fishermen, ar~ correctly accounted for in 
this way. It is probable that their natural food is · the slime or mucus 
exuded in abundance'from the-pores, but they fequently retain their hold 
upon a spot until they J1ave eaten through to the flesh, and deep ulcer-
ous c~vities occasionally result from the sore. 
The decrease in numbers is apparent, to a certain ex.tent, in localit~es 
where the pouJid-net has been in use for a number of- years. .At San-
dusky, Ohio, the numbers brought in from the nets and handled at 
the curing-establishment in a season are· said to hav~ nearly reached 
eighteen thousand a few years ago, while in 1872 the books showed a · 
r~cord of thirteen thousand eight hundred and eighty received. This 
fact has several times been advanced as an argument in favor of the 
pound-net, that the destruction of the sturgeon, asserted to be an ex-
tensive spawn-eatei;, more than compensated for the !}Umbers of white-
fish taken. ' 
25.-AN IMPORT.ANT SPECIES. 
There is another species of fish, the wall-eyed pike, Stizostedion 
americana, a knowledge of whose habits would be important to a proper 
conservation of the species, but its spawning season is in the spring and 
earlier than circumstances have permitted us to visit its localities. 
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H. -MISCELLANEOUS N.OTES AND CORRESPONDENCE RELATIVE 
TO THE WHITE-FISH. 
A-THE \VHITE~FISH OF THE GREAT LAKES. 
1.-L.AitE SUPERIOR. 
MON'.l'REAL, Noveniber 2, 1872. 
DEAR SIR: Touching the white-fish sent by me to the Smithsonian 
from Michipicoten, so long a time has elapsed since then that I cannot 
recall the ·particular circumstanceR. This I remember, however, that 
in Michipicoten Bay itself there is no great disparity in the ~ize of 
the · Ooregoni. The· produce of our own seines and nets I always re-
garded as composed of but one species of white-fish, and the same as 
that caught everywhere in the lakes a_nd rivers of the North; but in 
spring we sometimes had sent t0.JlS from a small outpost at Bachewaino -
Bay a fish or two, longer than our own and much thicker and heavier. 
"Without having entered into any careful examination, I used frequently 
to declare my opinion that they might be, possibly, a distinct species. 
It is very possible that a skin of one of these Bachewaino :fish might 
have been forwarded by me to the Smithsonian, ~ith at};ier subjects of 
natural history. They are found in· Bachewaino Bay, and I am told 
also, by a gentleman who was long a resident on the north shore, that 
Pancake Point, farther eastward, is a famous locality for their catch. . I 
never had an opportunity of submitting these white-fish to a close com-
parison with the large specimens taken at the Sault Ste. Marie, 
below the rapids, but I conjecture they might be of the same species. 
In this particular, however, I might have easily fallen into mistake. 
For the table, these are a drier fish than the smaller common white-fish, 
.and they occur in far less numbers in the places to which they resort. 
Occasionally a ver-y large white-fish is taken about Fort William, no 
others approaching it in size, and they are looked upon as overfed mon-
strosities by the people at the posts. At Norway House, north end of 
Lake Winnepeg, where I resided many years, I was in the custom of 
sending a _:fisherman, late in the :fishing season, in October, to the nar-
rows of a river twenty miles distant, to obtain a larger and finer :fish 
than what were to be had at the place. The reason for sending was, 
of course, the fish being larger, and equal in quality for food to those 
caught nearer. Still, upon inquiry I could never get the natives to say 
that it was of a different kind. They seemed to think the difference in 
size arose from the greater abundance or better quality of their food. 
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I believe Major Long was correct in saying that the white-fish run up 
the Michipicoten River to spawn, but they cannot and do not run up 
far for very high .falls and long sweeps of raging rapids obstruct their 
co~rse in both the main river and its tributary, not far from the Great 
Lake. Half a mile above the station I have assisted in seining w bite-
fish at the spawning season, and succeeded occasionally in making a 
goo<l haul. These fish must have come from the bay or lake, for they 
could never have descended the falls in safety, and the native fishermen 
(in all such cases goodjudges) considered them lake-fish. 
Can you inform me whether you.have ever received from the north 
shore of Lake Superior any specimens of the "Mncqua trout" of the. 
natives! as translated by me, the "bear trout," or Salmo ursinus. It 
is still fatter than the siskowet, and can be melted, with little reaidue, 
into oil. I have named it a distinct species, following the idea of 
the Indians, and observing it to possess a different shape of body and 
head entirely from the siskowet. It is found in small numbers through-
-Out the lake, along the north shore, but, like the siskowet, prevails most 
in the neighborhood of the Pie. Can it be hybrid between namaycush 
and the siskowet Y 
GEORGE BARNSTON. 
2.~LAKES En.IE AND ONTARIO. 
DOMINION OF CANA.DA, 
Hamilton, Ontario, Nove1nber 18, 1872. 
SIR: I had the honor to receive from the minister of marine and fish-
eries of this Dominion·, recently, a circular directing me to procure 
specimens of white-fish from those localities of my district situated in 
Lake Ontario and Lake Erie, and to forward the same to you; and to 
accompany them by any remarks on their habits and varieties I may 
think of interest. 
In obedience to the iustructions received, I now send you four large 
white-fish I obtained in Lake Erie, near Port Dover, in the township of 
Woodhouse, county of Norfolk, and province of Ontario, in this Domin-
ion. You will find the fish male and female. 
I also have the honor to send you at the same time four smaller white-
fish I procured in Lake Ontario, at Wynona, in the township of Salt-
fleet, in the South Riding of Wentworth, province of Ontario, and 
Dominion of Canada. I believe you will also find the latter four fish 
male and female. 
The white-fish at this season of the year, fall and winte~, feed on 
small shell-fish. This you can ascertain yourself by analyzing the con-
tents of their stomach. In spring and summer they feed on a kind of 
shrimp-like insect; and from my knowlt,dge and experience I have 
never known them to change to any other kind of food than those two 
kinds now described to you by me. 
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The white-fish spawn, both in Lakes Erie and Ontario, on the reefs 
anc.l rocks, during the month of ~ovember. The eggs dropping into the· 
crevfoes of the rocks are protected from suckers, a fish al ways on the 
alert at this season of the year to devour the eggs. 
The two specimens sent herewith, you will please find by examination 
differ from each other in many respects. This you will be able to find 
out to be the case only by clm;e study a·nd observation. The Lake 
Ontario fish you will find to be a finer and superior fish than the Lake 
Erie white-fish, both in delicious delicacy of flavor awl taste, and the 
whiteness and richness of the flesh. Still as regards the food for this 
fish, in both lakes, I have in every instance and on all occasions found it 
the same. The fish live by suction. 
There is an obserrnble difference in the shape of the white-fish of 
Lake Ontario as compared with the i.;hape of the white-fish of Lake 
Erie. 
Thus yon will please :find that the Lake Ontario white-fish are rounder · 
and broader on the back, while the Lake Erie white-fish are flatter and 
sharper on the back. You can also find ont other little differences · by · 
aetual measurements of the fish, and this at the different parts of them; 
and which I have been able, by strict accnnteyand study, to set at rest. 
I have packed the eight white-fisll I now send yon in cut straw in a 
small box, which I uudcrstarnl will preserve them sufficiently for your 
purpose until they reach you at Wasltiugton; and I s1rnll feel greatly hon-
orecl if your learned yiews arnl researches will hereafter in any manner 
eonc~poncl with my humble assertions regarding this delicious fish. 
I lrnse the honor to lw, sir, yonr obedient servant, 
Prnfei.;sor ~J)ENCER F. BAIRD, 
JOHN W. KE,RR, 
Fishery 01,'erseer, Hamilton District. 
lrnite<l 8tatc.r.; } 1isltay Oo111missioner, ll'"iu:hington, D. C. 
vVoLFE ISLAND, December '1-, 1872. 
SIR: In o1,e,lience to instmctions from the minister of marine and 
fi:-;lieries, I ltaxe the honor to i.;end you, by this day's express, some speci-
mens of our white-fish, taken in Lake Ontario, an<l I lrn,ve been further 
instrncte<l to ae<:ompany them by such remarks ou their habits and varie-
ties as I rnight think of interest. I would therefore bco- to state from 
. . b . ' 
havmg- Ionµ; e.xvenence as a fisherman, that the Yvhite-fish which are 
fouud in the Canadian lake:-; are social in their habits, moving about in 
s~oa1s or great 11m111Jer:-;. Three spedes may be enumerated, quite clis-
trnet from eath othel'. Tlrn first has a Ye1-y small head and a rounded 
back, and i:-; kuowu as the "liow-baek.:'' This is considered the ·best 
:-:1,e(·ies for fo0<l. Tlic :.;ccoud Jias ali.;o a very 1;mall head, and a dark,. 
rnm1<l body, S()]net1iiug reseml>Iing that of a sneker. The members of 
~- ::'i[i:-:. 71--G 
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thi~ species are the smallest, upon an average, among the white-fish 
tribe, and they are, moreover, inferior to those of the other two species. 
The third species, and the one most common in the lakes of this part of 
Canada, has a common-sized head, and a regular and symmetrical body. 
The fish of this species average in weight about three pounds, although 
some are caught which go as high as ten pounds. In the lakes of the 
back country they are said to be generally larger, averaging as high as 
fh•e pounds. In Lake Ontario white-fish are caught in the early spring, 
at some considerable distance from shore, and in about 200 feet of water ; 
but about the 1st of June, as the summer approaches, and the weather 
gets wai'lller, they approach the shore and are then caught in great 
numbers, upon their favorite feeding grounds, which consist of a sort of 
a honey-combed rock, in about 30 feet of water. Their food consistR 
chiefly of small worms, obtained from the porous rock of the bottom, and 
different kinds of aquatic insects. About the 1st of August, as the water 
begins to be uncomfortably warm for them, they retreat precipitat.ely 
toward the deeper and cooler portions of the lake, and it is at this time 
that we find them in their best condition. About the middle of October 
they return toward the shore for the purpose of spawning, arriving at 
the proper locality about tlte middle of November, or from that until the 
1st of December, depending upon the severity or mildness of the season; 
for the;y do not deposit their spawn until the water has reached a certain 
temperature, which must be something near 40° F. The fish, like some 
others, eat nothing during their spawning season, after which they retire 
to the deep water until the next spring. 
The specimens of white or any other kinds of fl1-1h which inhabit our 
waters, as well ni-; any information relating to their habits and varieties, 
will be cheerfully sent to you, when required. 
You requested me to Rend a bill of any costs or expen8e incurred in 
l!en<liug you specimens of fish. I beg to state that there is no expense 
whatsoeYer on our part. 
I ha'\'"e the honor to be, sir, very respectfully, your obedient servant, 
PETER KIEL, 
Fishery Overseer. 
}> 11'1• 1 l' , F. BAIRD, 
lrashingto11, D. C. 
W OLf'E ISLAND, Jawuary 16, 1873. 
Sm: 1 beg l ·a,·e to acknowledge the receipt of your letter of 10th 
ultimo, which cauw to hand in due time, but which I did not answer im. 
mediately. in hope that the weather would moderate and that some 
white-fish might be taken, from which I could procure for you better 
defined specimens than those previously sent, which were the best I 
could obtain at the time, the weather being ex:cee
1
dingly cold and 
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:--;tormy during the month of November; but unfortunately the stormy 
weather continue4, and no white-fish were secured. 
From thirty years experience as a :fisherman, and after obtaining all 
the information possible from others on the habits of white-fish, I beg 
leave to remark that during the month of November the white-fish are 
known to unite, or join in pairs, male and female, and that they· ap-
proach the shore for the purpose of spawning. Should the weather be 
very cold they move more rapidly and arrive at their destination about 
the 15th. Their favorite place is a sheltered or land-locked bay or inlet 
having a sandy or gravelly bottom. When in from 10 to 20 feet· of 
water the female, endowed with an instinctive knowledge that her time 
has come for depositing a part of her spawn, selects a spot and com 
mences to dig vigorously with her head, at the same time moving the 
tail rapidly to stir the sand or gravel; in a short time she forms a nest 
about two inches deep; the male, staying close by, seems to be atten-
tively watching her movements. When the nest is satisfactorily arranged 
she ejects a quantity of spawn into it. The male immediately darts 
alongside of her and impregnates it with the milt. He then moves off a 
little way while she covei:s it partly over with her nose and tail. They 
remain near tpe spot two or· three days, until all the eggs are deposited 
in the same nest, when they return to the d~ep in search of food, leav-
ing the eg{!s and young :fish, when hatched out, to shift for themselves. 
In the meantime the spawn, being heavier than water, remains on the 
bottom, which it would do even if not partly covered over, nature hav• 
ing provided·an adhesive substance which fastens it to the sand -or 
gravel. It remains about one hundred days, when the young :fish emerge 
into life. While they were exposed for so long a time we cannot fail to 
admire the beautiful and mysterious laws of nature manifested in their 
protection from the severity of the weather, from predacious wild fowl, 
from voracious :fish and from reptiles, which during the winter are in a 
:,;;emi-dormant state. -
As soon as the young :fish are strong enough to move off they gradu-
ally work out into the deep, where they remain three or four years, 
when they attain their full or average size, and move round periodically 
with the parent-fish to their various feeding and spawning grounds. 
White-fish are very prolific, and would multiply very rapidly if not 
destroyed by a reckless mode of :fishing. Many valuable fishing-
grounds have been rendered useless by hauling seines during the 
breeding season, since, in such case, the paren~-:fish are not only de-
stroyed, but the spawn is disturbed by the seines dragging along the 
bottom, so that it will not hatch. Another destructive mode of fishing 
is to set gill-nets across the mouths of bays or inlets, where the fish, in 
accordance with their habit, enter in periodically; these nets turn their 
course some ot,her way, and it will be clearly understood that they are 
so social in their nature, that in whatever direction the main body of 
them incline the others are sure to follow. Our fishery laws have done 
much already toward the prevention of such abuses. ' 
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Thl' white-lish is of a 1ine orga11is111, and, being entirely destitute 
ot' t<·dh. is 11l'ither prc1laciuns nor yet ver,r Yoracions in iti;; nature, bnt 
Jin::-; 011 tht• most si1nplc fare, wllich consist:-; principally of small worms 
and i11-.;pch that abonn1l in great unmbers among the plants and porou.:;; 
r,wk-.; 011 the uotto111. 
It i:-- Ill)" call(litl opinion that the prnpagation of white-fish by artitl-
<'i:tl 111Pa11s ,rnnltl l>c attell(led with great diflienlt.,-, since when they ar~ 
hatl'i1ed out the troublo would be to procure food fur them; but I see 
no seriou:-; ol>:-;taele in the way of stocking lake8 or rivers where tlle 
aquatic pla11t~ and gras:-;e:-; elosely assimilate those froni whence the 
part•11t fish is taken. fo s11eh case they should be moved in the fall or 
early spring·, since transporting them in a small qnantitJ7 of \Yater for 
a11y h•11gt 11 of time in hot ,rnatlter would he very likely to kill them. 
The ~orth ..:\mPrican wltitc-tislt is of the most delicate structure. It 
is 1Jpa11til'11l a111l symmetrical in form, always clean all(l healthy iu ap-
11eara11et•, a1Hl is free from any parasite:-;, either internal or external. It 
is 1111surpassl'1l in it:-; tl1•lieio11s Ila rn1· a111l h1·alth_y <1uality as an artielc of 
food Ii,\" a11y other fish. 
Thi• ~n·af<-:-;t 1m111he1· of whit1·-lish are 1·anght 1lnring- tlw 111011th ot 
,J11l,Y. 
\\"hit1•-li-.;h 1·a1111ot lw ,:angltt with !took :tll(l li111· at any ~eason of tlie 
·' 1•,: I'. 
l !tan· th<' ho1101· t ,> I, :·, sit, yc11r mo-.;t oht\die11t sen·ant, 
J>I ◄:TJm KIEL, 
Fish Obserl'cr. 
l'rot't•-.;..;or :--\. F. B.u1~1>, W((.r.;/ti11r;to11, /). (). 
B-TIIE ,nrlTE-FISil OF B.ASTEUX ::\L\.DTE AXD NEW 
mmsBWIUK. 
HY ( '11 ., 1:1.1-: s L.,:-01.,x. 
This iisli, tlw cell''.Jr.tletl ((flihtuvmer; of the gTeat northern lakei-.;, so 
fr<·q11P11tl.Y <leseril>t•d l>y ~\.retie rnyagers as the most delicious of all 
p1m•ly fresh-water fi:-;hes, is found iu consiJerable numbers in Lake 
Teu1is<"o11ata. when' 111any arc taken every autumn by the French Cana-
dian:--, who come o\·L•r from the Saint Lawrence to fish for them, and call 
them JH>issnn 1,ni11f11. 'l'lte En~lish luml>ermen call them "gizzard-fish.'' 
Th(•.,· an· taken o<·c·asionally along the ::\Iadawaska Jtiver, and the writer 
11:1-.; <·a11gl1t th(•m with rocl all(l line l>clow the tall:-; of that rh·er, at its 
roll tl11P11eP with the Saint ,Juh11, in the early part of summer. At tliese 
falls tlil' i11l1ahita11t:-; take about forty barrels eYcry antumn, which arc 
cured ill piekle for wi11ter u:-;t•. Tl1e wltite-tish abonnds in all the Eagle 
Lakl':--: at t lte J11,,u1 of Fi .-d1 l~in•r, a tributary of the 1..,'pper Raiut ,Jolin, 
NOTES RELATIVE TO THE WHITE-FISH. 85 
and in the Saint Francis Lakes, at the stream's hea<l. ln these lakes, it 
is caught abundantly every autumn, by torch-light, with dip-nets. It 
has not been observed in any of the lakes or rivers which discharge into 
the Gulf of Saint Lawrence, nor yet in any of the waters of Nova Scotia. 
Some years since, this fish was abundant in the Grand Lake, where 
the writer, in the month of May, saw great numbers taken out of gill-
nets set for gasperean, and thrown away by the fishermen as worthless. 
At the same time, the writer caught a number of them, with rod and 
line, in one ot those small pieces of water connected with the Grand 
Lake, usually called "key-holes." It is occasionally taken in the Saint 
John, throughout its whole extent. In the harbor of Saint John, in 
spring, it has been often caught in the seines and weirs with the gas-
pereau, and salted with that fish, because its value was not known. 
It is probable that the similar fish found in the lower part of the Saint 
John have strayed from the great lakei;; at the sources of its upper tribu-
taries, and have been swept over the Grand Falls by some extraordinary 
flood; once over those falls, there is no possibility of return. The white-
fish seen by the writer have seldom exceeded a pound and a half in weight; 
but they are taken in Lake Temiscouata of the weight of three pounds, 
and even more. It is an inhabitant of all the interior lakes of America, 
from Lake Erie to the Arctic Sea. Several Indian tribes mainly subsist 
upon•it; and it forms the principal food at many of the fur-posts for eight 
or nine months of the year, the supply of other articles of diet being 
scanty and casual. Its usual weight in the northern regions is from two 
to three pounds; but it has been taken in the clear, deep, and cold waters 
of Lake Huron of the weight of thirteen pounds. The largest seen in the 
vicinity of Hudson's Bay weighed between four and ft ve pounds, and 
measured twenty inches in length and four in depth. One, of seven 
pounds' weight, caught in Lake Huron, was twenty-seven inches long. 
Very recently, the writer ha<l an opportunity of Reeing some fresh speci-
mens of the white-fish of Lake Erie, and was satisfied of their identity 
with the "gizzard-fish" of the Saint John and Lake Temiscouata. 
During the summer, the white-fish is not seen in Lake Temiscouata 
and it is then supposed to retire to the depths of that unusually dee; 
and cold lake. In October, it draws near the shores, and ascends the 
Tuladi River, for the purpose of' spawning. It ascends the river during 
the night, and, having deposited its spawn, returns as quickly as possible 
to the lake. It is when this fish draws near the shore, prior to spawn -
ing, that the fishery is carried on, chiefly at a little bay in Lake Temis-
couata, into which the Tnladi discharges its waters. At the same time 
' the great gray trout ( Salmo ferox) follows the white-fish to the shore 
' and preys upon it. While the nets are Het for white-fish, the fishers 
with torch and spear, attack and capture the Sa,lmo ferox, frequently of 
large size; and hence this latter :fish has acquired the name of tuladi 
from the river to which it is attracted by its favorite prey. 
The white-fish feeds largely on fresh-water shell-fish; its stomach, in 
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consequence, acquires an extraordinary thickness, and resembles the giz 
zard of a fowl; hence its popular name of "gizzard-fish." The stomach 
when cleaned and boiled,. is a favorite morsel with the Canadian voy-
ageurs. 
C-NEW SPECIES OF A.RGYROSOlVIUS AND COREGONUS. 
BY JAMES W. MILNER. 
ARG YR0S0MUS Agassiz. 
This genus was separated from Ooregonus by Professor Agassiz in 
1850.• The principal character referred to as distinguishing it ~ that 
the lower jaw is the longer. The examination of a number of species 
has discovered, in addition to this character, a constant difference in the 
form of the supraorbital bone. In Ooregonus, it is short and broad, and 
does not reach the middle of the orbit. In .Argyrosomus, it is long and 
narrow, and extends considerably beyond the mi4dle of the orbit. The 
premaxillaries in Argyrosomus are. much shorter; anu this character 
and the projection of the lower jaw make the snout more pointed than 
in the other group. Minute teeth are present upon the premaxillaries 
and tongue. Professor Agassiz refers to the latter character as if it 
were peculiar to this genus; but, in the dried heads of Ooregonus al.bus, 
(not of Agassiz,) teeth are apparent on the premaxillaries. 
ARGYR0S0MUS Hon Gill, (MSS.) 
~1·gyrosomus Hoyi Gill (MSS.); iloy, Trans. Wisc. Acad., vol. 1, p. 100, 1872. 
The cisco of Lake Michigan,+ not to be confounded with the cisco of 
Lake Ontario, is a fish frequenting the deep waters. It is taken in con-
siderable quantities, at depths of from 30 fathoms to 70, and is the prin-
cipal food of the salmon or Mackinaw trout. Specimens were sent to 
the Smithsonian Institution, in 1870, by Dr. P.R. Hoy, of Racine, Wis., 
obtained in that vicinity, from which Dr. Gill made diagnostic notes, 
and adopted the name of A rgyrosomus Hoyi. In a list of species of 
Lake Michigan, published in the Transactions of the Wisconsin Aca.demy 
of Sciences, Dr. Hoy included Dr. Gill's manuscript name. 
In 1871, while prosecuting work for the United States Commission ot 
Fisheries, I collected specimens of the species in abundance, all of which 
were lost in the great fire of Chicago. In 1872, I obtained them in Lake 
Superior, and from one of this collection the following description is 
made: 
The differences between this species and the common "lake-herring" 
(.A. clupei/ormis Mitch.) are quite prominent. The orbit in the cisco is very 
large, encroaching a good deal upon the frontal bones. The frontals are 
in consequence abruptly diminished in width near the posterior edge of 
the orbit, and in the superior aspect of the head expose the upper border 
of the eye. The_ exposed portion of the shoulder-girdle is of less width; 
* Lake Superior: its Physical Character, &c., p. 339. 
t For account of habits, see page 35. 
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the upper portion of the clavicle (Parker) narrows abruptly to a slender 
blade. The premaxillaries, though higher, project forward, so as to ren-
der the snout more acute. The snout is shorter, as is also the maxillary. 
The mucous tubes of the head are coarser and more prominent. 
From A. nigripinnis, described below, it differs in having a shorter 
head, a. more prolonged snout, slightly less length of maxillary and 
mandible, as well as less width of head and interorbital area. 
Body compressed; deeper than in most· of the species of the genus. 
The height of the body is less than the length of the head. The dis-
tance from the snout to the nape is but little more than the length of the 
mandible, (1.9 inches to 1.3 inches.) The width of the interorbital area 
much less than length of snout. The length of the snout more than the 
length of operculum. The length of the maxillary is more than the 
greatest width of head. The muzzle is prolonged. The lower jaw ex 
tends rather beyond the premaxillaries. The maxillary is long, reach- • 
ing beyond the center of the eye. The submaxilliary is long, and of mod-
erate width.- The orbit is large. Minute teeth are present on the tongue. 
The preopercular bone projects backward at the lower posterior angle. 
The height is .22-! of the length;* the length of the caudal peduncle,t 
.16; the distance from the snout to the dorsal fin, .50; the distance.from 
the snout to the anal fin, . 71 ; the length of the head is .. 25¼; the distance 
from the snout to the nape is .19; the width of the head is .27¾ of length 
of head; the width of the interorbital area is .20!; the length of the 
snout is .31; the length of the maxillary is .35; the length of the man-
dible is .51~; the diameter of the orbit is .24. 
Br., 9; D., 3:..10; .A., 2-10; C., 9-18-8; P., 15; V., 11; scales on lat-
eral line, 73; number of rows of scales above lateral line, 8; below lat-
eral line, 12. Length, 11. 7 inches. 
National Museum, .No. 10756. Locality, Outer Island, Wisconsin, 
Lake _Superior. 
ARGYROSOMUS NIGRIPINNIS Gill, (MSS.) 
.Argy1·osomus 111,gripinnis (Gill, MSS.); Hoy, Tr~ns. Wisc. Acad. Sc.; vol. 1, p. 100, ,1872. 
The black-fin tis not known from any locality thus far other than Lake 
Michigan. It is found in the deepest, portions of the lake, and is espec-
ially abundant in Grand Traverse Bay. Specimens were received at the 
Smithsonian Institution from Dr. Hoy, in 1870. The only species closely 
related to it is the one just described. From this it differs in the shorter 
head, snout, maxillary, mandible, and the greater width of head and 
interorbital region. There is a greater number of scales in the lateral 
line; the fins are more developed; and the height of the fish is slightly 
greater. It attains a much greatet weight than A. Hoyi; its average 
* Measured from premaxillaries along lateral liue to end of scales. 
t Measured from a point vertical to the last r.ay of the anal fin. 
i For reference to habits, see page 35. 
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being about one and a fourth pounds, while A. Hoyi reaches a maximum 
of less than one-half pound. 
The height of the body is equal to t,he length of the head. The dis-
tance from the snout to the nape is much more than the length of man-
dible, (2.28 inches to 1.5_2 inches.) The width of the interorbital area is 
-equal to the length of the snout. The length of ~he snout is less than 
the length of the operculum. The length of the maxillary is less than 
the greatest width of the head. 
Body com pressed; deeper in proportion to length than other species 
of the genus. -The bones of the head are stronger and more prominent 
than in.other species; mucous tubes on preopercnlum, on frontals, and 
parietals large and prominent. . 
Teeth very minute, yet present on prema~illaries and tongue. 
The height is .22 of length; the least height of tail is .07!; the length 
of the caudal peduncle· is .132; the distance from the snout.to the dorsal 
fin is .47½; the distance from the snout to the anal fin is .78½; the length 
of the head is .22i; the _distance from snout to the nape is ,16!, The 
width of the head is .34f of the length of the head; the width of the 
interorbital area is .22½; the length of the snout is .22½; the length of 
the maxillary is .32; the length of the mandible is .48½; the diameter of 
the orbit is .25½, 
Br., 9; D., 3-10; A., 2-10; C., 10-18-9; P., 16; V:,, 12; number of 
scales in the lateral line, 80; number of rows of scales above lateral line 
8; below lateral line, 11. Length, 16.5 inches. 
National Museum, No. 12455. Locality, Grand Haven, Mich., Lake 
Michigan. · 
3.-CO!lEGONUS COUESII, Bp. nov. 
A specimen of a white-fish was taken in Chief Mountain Lake, at the 
eastern edge of the Rocky Mountains, by Dr. Elliott Coues, U.S. A., 
surgeon and naturalist of the northern-boundary commission. 
• This specimen is very different in its type of ·form from any species 
hitherto described from this continent. In Gunther's arrangement of 
the species ofOo·regonus, it would be placed in group (a), with the-upper 
jaw prodn~d into a cutaneous appendage. In this particular, it resem-
bles Ooregonus oxyrhynchus Lin. and 0. Lloydii Gtinth. Unlike these 
species, it is an elongate fish, the proportion of height to length being 
much the same as in 0. Williamsoni Gir. and O. quadrilateralis Rich.; it 
also resembles this type of form in the narrow supplementary bone of 
the maxillary, and the former specie~ in the shape of the maxillary. 
The only previous reference to a fish supposed to be of this genus 
from the Saskatchewan River is in some remarks appended to the 
description of O.1,abradoricus in theHistoire Naturell,edes Poissons. Va-
lenciennes refers, in the most undecided manner possible, to a fish which 
he believes to be a salmonoid, and makes bis diagnosis from a drawing• 
There is, in fact, no direct evidence in what he says to prove that the 
specimen was in his possession. He admits that he is '' not able to 
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, determine with certainty the genus; " and, after stating that " my first 
· impression was to make it a 0oregonus, since I have placed the design by 
the side of the other species of the same genus," ends this most uncertain 
and undecided effort to. determine its relationship with the question, 
· " Could one name it 0oregonus angusticeps ?" 
It may be that the specimen at hand is a fish of the species indicated 
in the above name, the ascribed locality heightening this possibility; 
but there can be no consideration of the matter that will decide it, and 
the name is consequently passed over. The character given of 55 scales 
· in the lateral line is very far from agreeing with Dr. Coues's specimen, 
.and, in fact, with any description of a 0oregonus we have seen, and may 
indicate that the author was right in his hesitancy to decide upon the 
:genus. 
The most marked feature is the extensive prolongation of the snout, 
which protrudes far beyond the opening of the mouth. The head nar-
rows regularly toward the anterior of 'the frontals, where two strong 
angles are found narrowing the head abruptly at the point where the 
short supraorbitals join, and the frontals and nasals continue forward 
in a narrow, blade-like extension. The supraorbitals form a bold prom-
inence at the anterior of the orbit. The maxillary is short, dilated at 
its posterior portion, and has a narrow supplementary bone. The pre 
maxillaries are somewhat retroverted, and have very little width, making 
the muzzle thin and narrow, as it is in 0. quadrilateralis and 0. Wil- · 
,.liamsoni. The adipose fin is large, attached to the body almost to the 
posterior extremity, and is ensheathed in scales for a considerable dis-
tance from the dorsal line. 
The greatest height of body is equal to the length of .the head. The 
least height of tail is equal to the length of the snout. The lengths of 
the caudal peduncle, of the snout, and of the mandible are equal to each 
other. The width of the interorbital area is equal to the length of the 
maxillary. ' 
The height is .22½ of the length without the caudal; the least height 
of tail is .OT½; the length of the caudal peduncle is .12¼; the distance 
from the snout to the dorsal fin is .44¾; the length of the base of the 
dorsal fin is .12½, its greatest height .14, and the length of the last ray 
.06-i; the distance from the snout to the anal is .731; the length of its 
base, .09, and its greatest height .13!; the length of the middle caudal 
.rays is .08, and of the external rays .15¼; the distance from the snout 
to the pectoral fin is .21½, and its length is .17½; the distance from the 
snout. to the ventrals is .51½, and its length is .15. 
Br., 9; D., 3-12; A., 4-10; C., 6-18-6; P., 17; V., 2-11; the number 
of scales in the lateral line is 88; the number of scales above the lateral 
line is 8; below the lateral line, 8-5. Length, 13.6 inches. 
National Museum, No.14146. Locality, Chief Mountain Lake. Col-
'lector, Elliott Coues, U.S. A., surgeon and natur~ljst 9f tbe northern 
J)ounda1y .commission. 
APPENDIX B . 
. THE SALMON AND TROUT. 
(SPECIES OF SALMO.) 
III. -ON THE NORTH AMERICAN SPECIES OF SALMON AND 
TROUT. 
BY GEORGE SUCKLEY, SURGEON, UNITED S TATES AIDfY. 
( Written in 1861.) 
N OTE.-=--The late Dr. Buckley made a special study for some years of 
the North .American Salmonidre, his attention hadng been specially 
called to them by the number of species met with in his journeys across 
the northern part of the United States to the Pacific coast while serving 
as naturalist to the Pacific Railro.ad Survey, under Governor Stevens,. 
and while stationed as surgeon at Western military posts . 
.A report was prepared py him on this subject in 1859, forming part of 
the twelfth volume of the series of Pacific Railroad Reports, and was 
reproduced in a separate volume entitled "The Natural History of VVash-
ington Territory," by Dr. J. G. Cooper and himself . 
.After the return of the Northwestern Boundary Survey, in 1861, he 
was intrusted by the Commissioner, Mr.' Archibald Campbell, with the 
preparation of a report on the Salmonidre of Washington Territory.,. 
which he completed, althou~·h it was never published, and which Mr. 
Campbell, by permission of the State.Department, kindly turned over 
1 
to the Smithsonian Ins ti tu tion to dispose of as it might think proper • 
.At the request of the Smithsonian Institution, Dr. Buckley then en-
larged this report by the addition of other species of North .American 
Salmonidm, thus making a second and much improved edition ·of his 
first memoir, embracing, as it did, the large amount of material belong-
ing to the Institution, among the most important of which was that col-
lected in the Hudson Bay territory by Mr. Kennicott and other corre-
spondents. 
This memoir was delivered to the Institution in July, 1861; and, 
although in the thirteen years which have elapsed, much change has 
taken place, in our knowledge of the subject, still, on account of the 
completeness of the paper, and the absence of anything more full .on 
the subject, I here introduce it, by permission of the Secretary of tho 
Smithsonian Institution, in its original form. 
Whatever be its defects or redundancies, it will serve as an excellent 
basis for further investigation; and although it is probable that the 
actual number of species is less than that 'given by Dr. Buckley, who 
doubtlesR considered certain variations of age, sex, and season as spe-
cies, it will be·easier to reduce them to the proper number after the 
publication of this report. 
S. F. BAIRD. 
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A.lthongh a great many divisions ham been established for the spe-
cies of the ol<l Linn:Pan genus Salnw, for the purposes of the present 
report it will be sufficient to consider them all as one, only recognizing 
a separate section of Oncorhynchus, for the sea-salmon with permanently 
hoo1,ed bill. For conrnuience, lloweyer, we may arrange them as fol-
lows: 
I. Anad.romons salmon. Specie . ...; running np into fresh wat,er to 
:--pawn; the yonng remaining there for a greater or less time, then 
returning to the sea, in which they continue to abide, except during 
the period of reprodnction. (Salmou.) 
n. Intermaxillaries of the fres1t-ruu adnlt male fish or those just 
from the sea, long, decurved., projecting and llooking downward 
co11siderably beyond the top or knob of the lower jaw; well armed 
with strnug teeth; tlte extremity of the Jower jaw terminating 
in a broa<lly dilated knob, :-;imilarl,v armed with strong, hooked. 
teeth. (The snbgeum; Oncorhy11chus, Hnckley.) 
l. S((lmo ,'l(•ouleri, UrcnArrnso.N.-Hook-uosed salmon; 
i'all salmon, ( Pacific co;ist.) 
~- 1'i'(lf1110 JJrotc11s, PALLAS.-Unmp-backed salmon. (Alaska 
coast.) 
3. 1'l'fllmo cooJH'l'i, ~P<'KLEL-Cooper's salmon. (Columbia 
Hiv<1r.) 
4. Sf/lnlO rlr·rmatin11s, nr<'II.\H,DNO:V.-(neriug Sea.) 
J. 8"fmo r·o11suctus, H1cn.\RI>SON.-(Ynko11 Uiver.) 
Ii. 8({[/J/o f'(//lis, Sn:KLEY.-Dog i,almon; spotted. salmon. 
(Png·(•t Honud.) 
I>. ,Jaws of .i<lnlt males whe11 frcsh-l'lln, sy111111etrical, and either sub-
e<j11:tl or the· point of the lower jaw received iu a uotch between 
the pre111axillarirs. 
t "\Yit110nt re<l spots; 11ot fcc<li11g in fresh water, except from 
caprice. 
7. 1'i'((fJ11() .lif/7,ir: L1x.x.1ws.-The <·0111mon salmon. (North 
.Atl:111ti<·.) 
8. /-.'f/l1110 r111i1111,,t, Br<1IrA1rnsox.-The ( 'alifornia salmon. 
(west <'0:tst of the l rllite<l l-,tatcs.) 
\I. Sal/II() f'()ii.fl11r·11t11s, Sl·cKLEY.-Towatl salmon. (north-
west coast.) 
JO. S((/1110 f/1u·or,,, (; rnA1rn.-Heu-cha1·; Sahnon. (Columbia 
Hin·r.) 
] 1. i\(l{/11() (l/'f/.lJ/'('1/,'I' G-rn.urn.-(\\rest coast.) 
1 :!. Srdmn JJrf ueirlnzs, H1CIIA1rnsox. - "\Yeak-toothed sal• 
rnon. (Fraser Hin•r.) 
1;3. S1tl,11u ts1tpJJiteh, Hr< 'IIARD:-iO:V.-\Yl1ite salmon. (Colum-
bia Hi,·er.) 
H. Sulmo tlorkii, H1cn.\.1rn:--ox.-Clark's :--aimon. (Colum-
bia Hi,·er.) 
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15. Salrno imm,aculatu.s, STORER.-The unspotted salmon. 
(Labrador.) 
16. Salmo gairdneri, RICHARD.SON. - Gairdner's salmon. 
(Columbia River.) 
17. Salmo truncatus, SucKLEY.-The short-tailed salmon. 
(Columbia River.) 
18. Salmo richardi, SUCKLEY.-Richard's salmon. (Fraser 
River.) 
tt Spotted with red; feeding freely in fresh water. 
19. Salmo campbelli, SuCKLEY.-Oampbell's salmon. (Col-
umbia River.) 
20. Salmo hudsonicus, SuCKLEY.-Hudson's Bay trout. 
21. Salmo rossii, RTCHARDSON.-Ross' salmon. (Arctic 
Ocean ; Bo~thia Felix.) 
22. Salmo hearnei, RICHARDSON. -Coppermine salmon.• 
(Coppermine River.) · 
23. Salmo alipes, RICHARDS0N.-Long-finned Char. (Lakes , 
of Boothia Felix.) · 
24. Salmo nit·idus, RICHA.RDS0N.-The angmalook. (Lakes 
of Boothia Felix.) · · 
II. Species not anadromous, nor running up from the sea, but living 
entirely in fresh water or only occasionally passing down to the sea. 
(Trout.) 
c. Spotted with red or black; found in flowing fresh water; feeding, 
spawning, and spending the greater part of the year in the same ; 
retiring to deep, still water in the winter; access to salt water 
usually relished, but not indispensable. 
t Red-spotted. 
25. Salmo fontinalis, MITCHILL.-The ,American brook-
trout. (Eastern States.} 
tt Black-spotteq. 
26. Salnw iridea; GrnnoNs.-Paci:fic brook-trout. (Califor-
nia streams.), · 
27. Salmo masoni, SUCKLEY.-l\fason's trout. (Columbia 
River.) · 
28. Salmo virginal-is, GIRARD.- Utah trout. (Southern 
Rocky Mountains, Utah; New Mexico.) 
29. Salmo lewisi, GmARD . .:....Missouri trout. (Rocky Moun-
tain slopes north of South Pass.) 
30. Salmo brevicauda, Su0KLEY. - Shoi;t-tailed trout. 
(Puget Sound water~.) 
d. Trout found iu deep rivers or lakes, ascending shallow streams 
to spawn. 
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t Black-spotted. 
31. Salmo gibbsii, SUCKLEY. - Columbia salmon trout. 
(Columbia River.) 
32. Salmo sebago, GIRARD·.-sebago trout. (Sebago Lake, 
Maine.) 
33. Salmo kenne1·lyi, SucKLEY.-Kennerly's trout. (Chi-
loweyuck Lake; Fraser's River.) 
34. Salmo icarreni~ SucKLEY.-Warren's trout. (Fraser's 
River.) 
tt Red-spotted. 
35. Salmo bairdii, SucKLEY.-Baird's trout. (Clark's Fork 
of the Columbia.) 
36. Salmo park-ii, SuCKLEY.-Parker's River trout. (Koote-
nay River, Rocky Mountains.) 
31. Salmo oquassa, Gra.A.RD.-Blue-back trout; Oquassa. 
(Rangeley Lake, Maine.) 
I!. Lake trout, passing their ~lives in deep, fresh water lakes, ap-
proaching the shores annually to spawn in shallow water; never 
entering running brooks or repairing to the sea. 
38. Salmo namaycuslt, PENN.A.NT.-Mackinaw trout. (Great 
Lakes.) 
39. Sal1no conjinis, DEKA.Y.-Lake trout. (Lakes of New 
York.) 
40. 8almo siscowet, AG.A.SSiz.-Siscowet. (Lake Superior.) 
41. Salmo 8']/mmetrica, PRESCOTT.-Winnipiseogee trout. 
42. Salmo hoodii, RICH.A.RDSON.-Hood's salmon. (Lakes of 
Atlantic slope, north of Canada.) 
43. Salmo newberryi, GIRARD.-N ewberry's salmon. (Kla-
math River.) 
1. SALMO SCOULERI, Richardson. 
SKOWl'l'Z; HOOKED-NOSED SALMON; FALL SALMON. 
tiYX.-Sal,no soouleri, RICH. Fann. Bor. Amer. iii, 1836, pp. 158 and 223, Pl. 93; 
Df:KA Y, N. Y., Fauna iii, 1842; GIRARD, Gen. Rep. Fishes, p. 305; HER-
BERT, Fish andFishing,&c., Snppl.,p. 37, 1850; SUCKLEY, Nat. Hist. Wash-
ington Territory, p. 335. 
Salar seotileri, VALENC. in Cuv. and VAL. Hist. Nat. Poiss. xxi, pp. 242, 345, 
1848; STORER, Synops,p. 194, 1846; GRD. in Proc.Acad. Nat. Sc., Philad. 
viii, p. 217, 1856. 
! Salmo oonsuetU8, Rieu. Zool. Voy. Herald, Plate xxxiii, 1854 . 
• Salmo lgca"'1011, PALLAS, Zoogr. Ros. Asiat. • 
Oncorhgnchtt8 sooukri, SuCKLEY, "Notices of a Species Salmon," &c., N. Y. 
June, 1861. 
SP. CH.-ilfale.-Profile much arched, the convexity rising from nape 
to dorsal fin. The body at that point is thick, tapering from thence to 
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the caudal. Intermaxillary prolongation strongly decurved, and armed 
with large hooked teeth. Under jaw armed with a dilated and slightly 
incurved knob, similarly provided with strong .teeth. The teeth on the 
sides of both jaws are strong, and very irregular.in size. or disposition, 
and extend almost to the angle of the commissure. Teeth on the vomer, 
presen_t or absent, varying in this respect in different specimens. Cau-
dal fin moderately lunat~d, the degree varying according to age. 
Oolors.-In recent specimens fresh from the sea we find a silvery luster; 
not, however, as strongly marked as in the S. gaird1ieri, S. quinnat, and 
other species. The ground-color of the back is lead-color or a silvery 
blue, and that of the belly white~ryellowish white. The back and sides, 
dorsal fin, and tail are ·unspott~d. 
Female._.:._The fresh run females differ in having symmetrical jaws, 
destitute of elongated intermaxillary, or of the incurved knob on the 
lower jaw. 
DI.A.GNOSIS.-The male may be known from all but the other hook-
billed species by having the long decurved intermaxillaries and cartilag-
inous snout extending considerably beyond the point of the lower jaw; 
by its large irregular teeth on the maxillaries: From the S. proteus and 
S. dermatinus, by having less of a doFsal bump; by the marked lapping 
of the scales, and by having an unspotted caudal fin. The teeth along 
the maxillaries are also not awl-shaped and uniform as in S. proteus, 
being more frequently alternately large and small. They are also less 
numerous. The female may be recognized from those .of most of the 
other species. . 
HABITAT.-Pacific coast; anadromous; enters fresh-water rivers 
in autumn. 
Spec. 1129 Smiths. Coll. has a less number of rows of scales both above 
and below the lateral line, than has No. 1130. This may be owing to sex, 
or perhaps species. In many respects the fish agree very well. No. 1130, 
however, has the tongue and vorner toothless. May not this be the re-
sult of age 0? If not, and the fish prove to .be distinct, which shall be 
considered new, or which S. lyoaodon, Pallas, S. consuetus, Rich., or 
S. sco1tleri, Rich ! 
It would be very easy to take up one of these specimens and impose 
a name upon it, and, ergo, an additional incubus upon the study of the 
family. But I refrain. A few years will probably bring us plenty of speci-
mens from the waters of the North Pacific, on both sides. Then; and not 
till then, can the synonymy of the hooked-snout, big-toothed, a~d round-
backed species be properly determined. This is an exceedingly abun-
dant species on the ,north west coast, and affords the principal salmon 
harvest to the Indians, who dry vast numbers for winter use. It usually 
commences to run up the streams which empty into Puget Sound about 
the first week in September, and continues to arrive until near Christmas. 
During the months of· January, February, and March, they are found 
abundantly in small shallow brooks and streams tributary to the larger 
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t in la te period they are much emaciat:ed, owing to t~eir 
11 rr 1111 u ·«· ding and from months of abstinence, they bemg 
• 1·.1t lh.lL' entering fresh water; and their flesh, when cooked, 
ill rl.1,vored. During the month of April they suddenly dis-
aul · returning by the spring floods to salt water, although 
1111 . 111 i 11 i hat but few return to the sea. The flesh of this fish, 
11 1 1r, h from salt water, the individual being fat and in good· con-
di ,0 ,. i of H 1•r pale yellowish "salmon" color. This color soon 
• 1•111 .. , 111 a 1 i11kish-yellow, and, when the fish is worn ou't, to yellow-
• I· hit ·. 
11 ,, 11,,d,•. of this species have the hooked snout while still ~n salt 
1t · and in good condition. In this difference of the jaws in the sexes 
t Ill' , 1•p with the S. liamatus of Lapland, •which, according to the 
11 1°hor of the" Lachesis Lapponica," has the hooking of the lower jaw 
c:ontlned to the male sex. (See quotation in Rich. F. B. A.) · · 
• ·11 • I •111:, le skowitz when fresh run has.symmetrical jaws. The snout 
l , . . ., 111•.- slightly decnrved when they are much emaciated, and is sim-
1 I. owing to the absorption of the fatty cushions along the intermaxil-
11 n· . and therefore more apparent than real. 
The l,rnr il ~ runs in immense shoals up the rivers emptying into Puget 
',>111111. Fisheries have been established in certain localities; and as 
many · 3,000 flHh taken in one haul of the seine. 
Since writing the report for the Pacific Railroad survey, so frequently 
,llnded to in this monograph, I have been further convinced that Dr. 
Gairdner, whose notes are quoted by Sir John Richa~dson, confounded 
the .,fi/almo proteus and the present species, and recorded notes, part of 
which apply to one and part to the other. The flesh of this fish, although 
inferior to S. quinnat, S. gairdneri, and S. truncatus, is far better than of 
the other autumnal kinds. Being of a convenient size, they are rather 
preferred for packing in salt. 
After ent,ering the Columbia the skowitz ascends the current of the 
main river and its tributaries to points fully seven hundred miles by 
water from the sea. 
The Indians say that many imlividuals return to the sea. According 
to the natives at Fraser River, the present fish after entering salt water 
changes oolor in a very uniform manner, the males turning red, the 
h ·11 • • · black. It, as well as S. canis, enters Chiloweyuck Lake. 
On the 4th of October, 1850, George Gibbs, esq., obtained from the 
Okanagon Uiver, Washington Tenitory, a female of this species, (No. 
2007 Smith. Collect.,) which he says is the kind known to the Indians 
of that region as the ka-shoo, (ke-as-soo, or ka-ka-soo, McDonald.) (See 
chap. on Salmonidre, Cooper & Buckley, Nat. Hh~t. Washington Terri-
tory.) According to lfr. Gibbs, the length of his spectmen was 27 
inches; head, 5.75 ;_ lateral line, 18; distance from snout to ventrals, 
13.50; to dorsal, 10.60; to adipose, 18.75; to anal, 17.75; meat, red; 
eggs, orange; size of heaver, short. It had just arrived in the river. 
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The species was not yet quite rea<ly to spawn, and does uot do so till _ 
after the ta-ah-nia, (S. cooperi.) A specimen in Dr. KenQerly's col-
i~ction appears to be that of a female of this species, taken from the 
salt water when in prime condition. It was obtained at New Duugeness, 
. Straits of Fuca, in August, 1837, and was called by the Indians of that 
locality the kutsh-kuss; the name they are known to apply to the S. 
scoztleri. Ther~ is nothing remarkable about the specimen except its 
bright silvery appearance, which, however, the species always has wµile 
yet in the salt water. It has also 14 to 15 branchiostegals, one more 
t-han is usual. In a paper entitled" Notices of certain New Species of 
North American Salmonidm," published l>y the writer in June, 1861, I 
proposed a uistinct sub-genus for the group of salmon embraciug this 
species, the S. soouleri, S. pro.te.us, and S. cooper.i, in which the adult 
males have the premaxillaries considerably elongated, and the tip de-
_cnrved, extending considerably beyond the extremity of the lower jaws 
where th~re exists a knob at the extremities more or less broad, and 
heavily armed with strong curved teet,h, as are the premaxillaries above. 
The type of this sub-genus (which I designate as Oncorll;yrwhus) is. 
the Salmo ,l;fcouleri of Richardson. If my separation of this group from 
the other salm:..•n is considered as based on suffif~iently good anatomical 
differences, the species above mentioned will hereafter be known as 
Oncorhynehus scoufori, Oncorhynchus cooperi, Oricorhynchus proteus, On-
corhynchus dermatinus, Oncorhynchus conswetus, and Onaorhynohus canis. 
In t.he latter species the projection of the interrnaxillaries beJond the 
lower jaw is not so strongly marked, but tbe broad knob and the heavy 
armature of strong teeth on both that and the premaxillaries exist. · 
2. SA~MO PROTEUS, Pallas. 
HUMP-BA.OKED S.A.BMON. · 
Specimen in Smithsonian collection Fishes, No. 1132. 
SYN.~Salmo prpteU11, PALLAS, Zoog. Ros. Asiat. iii, p. 376; VALE~. in Cuv. and 
VAL ENC. Hist. Nat. Poissons, xxi, p. 360, 1848; S UCKLEY, Nat. Hist. Wash~-
Territory, p. 339, 1859; IBID., P. R. R. Repts., vol. xii. 
Salmo gibbe1·, 8UCKLEY, Ann. N. Y. Lyceum Nat. Hist., Dec., 1858. 
Sal mo dermatinus, RICH., Voy. of Herald, 1854. 
On-co1·h.ynchus p1'oteus, SucKLEY, Notices o.f Certain New Species of Salmon., 
N. Y., June, 1861. . 
Gorbuscha of Kamtschatka; Hu·"t!-nun of the Lummies; Huddoh of the Nis-
quallfos. 
SP. CH.-11fale.-Dorsal profile much more archecl than in S. scouleri 
Rieb. After entering fresh water, an adipose bump becomes striking!; 
apparent, its greatest lU'ominence being nearly opposite a point midway 
on a line drawn from the eye to the anterior margin of the base of the. 
<l.orsal :fin; intermaxillary projection curved strongly downward, as in 
S. scouleri; jaws long, as in latter, the latter terminated by a dilated 
knob, (a8 in several other species of the genµs,) which. is armed with four 
S. Mis. 74-7 
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or five strong, sharp teeth on each side; labials and limbs of the lower 
jaw closely set with very fine, sharp teeth, finer and more numerous than 
those of the S. soouleri; vomerine and palatine teeth much larger than 
those of the labials; those of the vomer disposed in a single row on its 
anterior portion; t:1il rather strongly lunated, and profusely dotted witlL 
large, elongated, oval, dark spots; the other fins usually unspotted, adi-
pose rather elongated; scales much smaller than those of the S. scouleri 
and.very thin. They are imbeclded in the skin and do not lap over, and 
in many parts of the body do not eYen touch each other; those of the 
back are much smaller than those below the lateral line. Skin very 
thick. . 
HA.B.-The Northern Pacific coasts of Asiatic Russia and .America; 
Puget Sonml. Saiu not to enter the Columbia or to be seen south of the 
Straits of Fuca. 
DrA.GNosrs.-The present species may be distinguished from the S. 
scouleri by its smaller size, ·the prominent bump in the males, its smaller 
scales, spotted tail, and the fine regnlar teeth along the sides of the jaws. 
'n1e teeth of the S. scouleri are scattered irregularly, and are generally 
large, but by no means nniform in size along the sides of the maxillaries. 
The female is shaped much like a shad. The spots on the caudal of 
specimen 1132 are larger in proportion than those found on the tail of 
auy salmon of which examples from the north west coast are contained 
in the Smithsonian collection. But two hump-backed salmon have thus 
far been received from the north west coast, both obtained by Dr. Ken-
nerly, and both described in Vol. X, Pacific Railroad. Reports. The 
condition of the skius before us does not well admit of a satisfactory 
demonstration whether the smaller scales a1ong the abdomen aud near 
the tail do not overlap each other; but the fact that they do not even 
touch each other on the back· and sides is apparent. It is very probable 
rhat the salmon described by Richardson, (and included in the present 
monograph,) S. dermatlnus, is identical with the Proteus. (See S. DER-
MA.TINUS.) 
One of Dr. Kennerly's specimens has a smooth, toothless tongue ; the 
1 her, female, has a single tooth thereon. The colors of this species, 
lih· those of all anadromous salmon, become greatly changed after en-
trance into fresh water. Those of the male sent by Dr. Kennerly had 
the bead greenish-yellow, clouded with black; opercula, dull pinkish; 
upper parts, dirty grayish and yellow ; ~ entrals and pectorals, grass-
green; dorsal, ultramariue and green; tail, l>lotched with black." 
There are two specimens of the true hump-backed salmon of the north-
western coast in the Smithsonian collection. The writer described them 
as new, under the name of Salmo gibber, iu the annals of the New York 
Lyceum, December, 1858; but upon further examination, aml a careful 
comparison with Pallas's description of Salmo proteus, he become con-
vinced that it refers to the same fish. Upon comparing the same speci-
mens with Richardson's account of S. dermatinus, a similar identity of 
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resemblance is manifest. The Smithsonian specirnens 1132, 1133, (male 
and female,) are described as S. proteus. The male agrees remarkably 
with Richardson's figure. The tongne is smooth; tail o~ the same shape; 
fin membranes very thick; skin ditto; scales very small ,,and imbedde'd 
in· tbe skin; except on the abdomen, perhaps; they do not lap or even 
touch each other. No. 1132 has been c;lrawn and figured for the present 
work. The bump seems greater than in the S. dermatinus. 
The female has a single tooth on the tongue. May not the toothless 
tongue he a mark of old age f 
For the present it is thought best to retain th_e species under Richard-
son's name, and wait for more spedmeris of .salmon, not only from Arctic 
America and the vicinity of Vancouver's I.sland, but also from Kamts , 
chatka, before deciding the question of names and synonyms. 
The average weight of the fish 'is about 5 or 6 pounds. Its flesh is pale, 
and for a white man, it is poor eating. The Indians say t~at this salmon 
is usually quite fat, and that as food th~y like it very much. They state 
that it enters Puget -Sound and the rivers on alternate years, it being 
very rare for even a single individual to be caught in the intermediate 
season. The run of the huddoh in its regular years is large, coming iu 
vast numbers, comparing favorably in this respect with the ~atsup, 
skowitz, or hJhwhai. According to the natives of our coast, the hunch-back 
never returns to the sea after spawning, but dies in fresh w~ter. In this 
respect they again agree with the Kamtschatka fish. 
In our opinion this is undoubtedly the gorbuscha of Kamtschatka, men-
tioned by Pallas and referred to by Sir John Richardson. 
The hump-back enters the rivers about Puget Sound, in August of 
alternate years. It is thought that it does not visit the Columbia River. 
The hump of the male is said to be cause4 by a thick layer of adipose 
matter. 
For additional facts and extended q notations the reader is referred tQ 
the Pacific Railroad Reports, vol. xii, p. 339. 
3. SALMO COOPER!, Suckley. 
CooP~R'S SALMON; THE TA-AH-NU. 
SYN.-Salmo cooperi, SUCKT,EY, Notices N. s:N: Am. Salm. N. Y., June, 1861. 
Onco1'hynchus coope1·i, SucKLEY, 01>. cit. · 
The Ta-ah-nia of the Okfoa Kanes. 
SP. CH.-Male.-Head enters nearly four and one-quarter times in the 
total length. Back much arched, having a tendency to hump. Scales 
rather coarse and large. Skin thick and strong. Tail deeply lunate; 
profusely sprinkled with oval spots of black. Snout (premaxillarfe·s) 
somewhat elongated. Dental development much like that of S. proteus, 
Pal., but the fish differs in lacking the exaggerated hump, and in the 
lapping of the scales on the body. The adults rarely exceed 22 inches. 
Female.-Of similar size ; mouth symmetrical; back less arche4 ; teeth 
l • It ) REPORT OF COMMISSIONER OF FISH AND FISHE~IES. 
c .. eloped much as in the female S. scouleri. In both sexes _there are 
mmall thirteen branchiostegal rays on a. side. 
DI 
0
1,Nos1s.-From S.proteus, Pal., by the con;tparatively small hump, 
., its smaller size, and by its proportionately larger scales., ~rom 
tl1 , S. scouleri it may be known by its smaller size, spotted tail,. and 
tmmJl uniform teeth along the bodies of the maxillaries. 
II rn.-A.nadromous, ascending the Columbia in autumn. Found ex-
,. 1l ingl, abundant in Okina-kane River, where it is known to the whites 
as the "little red salmon," and to the natives as the ta-ah-nia_. 
Thi species, which we have named after Docto! James G. Coopei·, 
who bas spent much time investigating the natural history and 'physt,cai 
!!• >gs:aphy of Washington Territory, was obtainecl by George ~ibbs; 
I' 11., at the Okina-kane. 
S. oooperi. Two specimens (typical) were obtained by Mr. Gibbs. 
h Okina-kane Ri"°er, September 30, 1860. This fish is now drawing 
to i1 · spawning season. It frequents this river and the lakes above in 
immense numbers, its peculiar color actually reddening the bed of the 
r1 · er. 
'' IEA.BUREMENTS.-Male. Length, 21.75 inc.hes; head, 5; to dorsal 
fi11 . 10; to ventral, 10.50; to anal, 14; to adipose, ·rn. Upper line of 
Jw;1, l vers concave; iris, yellow; body, brick-red; near the tail, scarlet; 
cutulal brown, profusely speclded with blaek. Female. · Length, 22 
i11c i11 ; h~, 4.50; to dorsal, 10; to ventral, 11; to anal, 14.75; to adi-
1'"· P, 16.75. 
"Oolora.-Head, light. greenish; back, brick-red, inclining to purple; 
beHy, dirty, yellowi8b gray; caudal, speckled; upper line of the head 
convex-the reverse ot' that of the male; eggs red and of the size of 
wau shot; caudal but slightly lunated. 
"The fish measured above appear to be about the average size of 
adul · tJ." 
4. SALMO DERMATINUS, Richardson . 
. -Salmo dermatiniia, Rrca. Zool. of the VoyaO'e of the Herald p. 169. Pl. 
xx.xiii. Londou, 1854, 
0 
' 
1 Salmo prote1m, RICH. • 
# Salnw gibber, SUCKLEY, Annals N. Y. Lyceum. 
01u:orh.gnck118 dermatimu, SUCK LEY, "Notices of Certain New Species of the 
, , lmonidrn," &c. N. Y., June, 1861. 
SP. CB.-(Condensed from Richardson's description.) Tongue, tooth-
)( ; •veu or eight teeth on ea.ch premaxillary unenual • one or two at 
I . I ' '1. ' t 11 tip 1 ,r ·1 than the others, recurved. Maxillary armed with 18 to 
21 acute subculate teeth, the first being stoutest third and fifth nextin 
size. Dilated knob ou end of lower jaw, armed .;ith stron o- teet.b. This 
meeting the incurved snout (in males only 1) prevents the ~losing of the 
mouth. Scales do not ornrlap each other, but are imbedded in a thick 
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muciferous epidermis, and do not even touch each other. Branchioste-
gals 14 to 15. Tail strongly cut out. · · 
HAB.-Ascends the rivers emptying into Behring's Sea. .A. · single 
specimen of this salmon, ab<>ut 32.4 inclles in total length, was obtainell 
by Sir John Richard:mn from the Yukoa River in A.retie America. It is 
there known to the fur hunter.:; as the reiji3h. Sir John says it is very 
distinct from any of the European anadromous salmon. It ts called by 
the Kutchin tribe tleu,kh-ko. They take it by weirs constructed between 
island and island, and by spearing. The flesh and roe are dried for 
winter use, aml the tough skins are made into c~othing. (Vide Rich-
ardson, op._ cit.) 
5. SALMO CONSUETUS, Richardson. 
SYN.-Salmo consuet~, RICH., Voyage of the Herald, London, 1854, p. 167, Plate. 
xxxiii. 
f Salmo collaris, PALLAS, Zoogr. Ross. As. 
f Salmo lycaodon, PALLAS, op. cit. 
¥ Salmo scouleri, RICH. Faun. Boreal. Am., pp. 158 and 223, pl. 93. 
Oncorkync~us consuetus, SucKLEY, "Notices of N. S. Sa.lm:," N. Y., June, 1861. 
SP. CH·.-Drawn from Richardson's description and probably applica-
ble to an exhausted or emaciated male. General form that of S. salar 
when out of season, but smaller. Head· disproportionately large; Jaws 
distorted. Length of head (when measured from tip of snout to distal 
margin of operculum) contained four and two-third times iu the total 
length of the fish. Cartilaginous snout decnrved and extending con-
siderably beyond the mandibles. Five or siK rather large teeth on each 
premaxillary. Scales smaller than those of S. salar, but resemble them 
in delicacy c,f luster, and the ease with which they can be detached. 
Tongue armed with two parallel rows of t,eeth, six on each side. Dorsal 
out.line strongly arched. Tail lunated. 
HAB. 7.-Yukon River, Arctic America; ascends as high _as the falls 
of the Porcupine. . 
Sir J ohu Richardson drew his description from a male about 23.5 
inches in total length. In this the scales in size compared to those of 
fJ. salar were smaller, as 12 or 13 to 10 on patches of skin of equal size; 
140 scales on lateral line. Fin membranes quite thick. Rays Br. 1~-13;" 
D.11-0: A.15; C. l-i'8 : P.14or 15: V. 9-9, or 10-10. 
6. SALMO CANIS, Suokley. 
DOG SALMON; SPOTTED SALMON ; LE KAI. 
SYN.-Salmo cani8, SucKLEY, Annals N. Y. Lyceum, Dec., 1858.; 1nm. Pacific R.R. 
Reports, vol. xii, part Fishes, p. 341. [The sp. ch. given in vol. xii., P.R. R. ' 
Reports and in the original description were written from memory. Luck-
., ., 
,, 11 111' 
• • • • 1hnon 1il.1•. 
1·. c · 11 -H 11 1 ln f'"P 7 cont.tined about ii times in the total length; itP 
., I , 111 li 11 1 , :rd" ,-.t rai • t; : dilated knob on the 1· tremits of lower 
J, , upon hich t 11·n• 1 r usnalls at least three large cur,·ed teeth, the 
m1t ,·1ior J.d11, fhp lari•I', . Large <·urved teeth on the prema illar~·; 
: rm 111 1 hi j,, w " ndd<'d with tmrnll teeth of nearly uuifonn size and 
HJ'J • 11 u ·•·· Tongue with a diverging ro\V of four teeth on each side. 
o . t nl r. , • and pyriform. Free margin of opercula rounded much as in 
, ·• 111,,t : " ~•,,i ge number of hrauchiostegals, 13. Skin thick, fleshy; 
ttu membraue:-J ditto. Scales quite adherent and o,·er-lapping eacb other 
about orw-thirfl. Ceneral form of body, corn1,ressed laterally, causing 
rt to be :1 rather deep ft8h for its size and weight; dorsal outline only 
1 1 d1·1, t• r. arched; caudal insertion rather deep, caudal furcate. 
< ulm,. . •J in unspotted (i.e., without speckles) but blotched on the 
11 (• 1 • ·i· tlls after being a few days in fresh water) with large patches 
of din ••. green and purplish-red. Fins and tail unspeckled. 
1>1 r. ·.-The Salmo canis is known from the S. scoul.eri by the 
'f llality of its jaws; by its shorter intermaxillaries; by the 
1'4hort, Hmall, pointed, nearly uniform awl-like teeth on the bodies of the 
iuferior mu illnries. From the bumped species it can readily be re-
, J':.! nizecl. Like the S. scoule.r·i it bas an unspotted tail. 
11 n.- ortlnvestcm coast of' America; en ten~ the streams along 
I 11 '·1 Sound in great numbers in autumn. 
The mouth of the female, a!i is usual with this group or subgenus of 
Hnlmon, is much more symmetrical than that of the male. 
The dried skin of a female salmon was obtained by M1·. G_eorge Gibbs 
at ·ew Dungeness, Straits of }.,uca, August 12, 1857. •It is now cata-
Jogoed in the Smitlu-mnian Mu~eum as No.1128. At first we took the 
Mpecimen to be a femnle 8. scouleri, but more careful examination showed 
our error. It more nearly approaches the S. canis and is probably the 
female. 
Mr. Gibbs says it was known to the Klallams as the ket-ltlehts. In the 
alcoholic specimen before me, the adipose fin is much elongated; its 
;mterior (or upper) margin much curved. The jaws are about equal in 
length, bot O\Viug to the long teeth anteriorly they could not be made 
to close tightly-the nearest approach to perfect closure being when the 
under jaw was diverted to the right or left of its true· line, like a pair of' 
tougs, in which the extremities pass each other owing to a defect in the 
joint. 
There are also two teeth felt near the middle of the vomer, one before 
the other. The jaws nearly equal in length, the lower being barely 
received in the upper. 
The following quotation from our former report contafns all the infor-
mation recorcled concerning the habits of the fish: 
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"Tlrn spotted or le kai salmon enters the rivers of Puget Sound in great 
numbers every autumn, generally appearing between September 15 and 
October 10. They come in vast numbers, and arrive so simultaneously 
as to seem to be in shoals, though, probably, that ·is occasioned, not by 
a gregarious habit, but by tlie same instinct causing all the individuals 
to leave the sea at abont the same period for the purpose of procreation. 
They are not a finely flavored fish, even when "fresh run," many iudi-
viduals being at that time in bad eondition-a condition unusual among 
salmon just quitting salt water. After a short residence in fresh water, 
all become poor and unsavory, and some even in_tolerably rank. Upon 
first arrival the sickly fish are readily distinguished by the nati·ves by 
their colors, the best fish being of a leaden-olive or d,ingy-green on the . 
back, and a yellowish-white along the belly. The poor ones are of 
various shades and tints of ding-y-greeff and yellow, n:10r.e or less macu · 
lated on the sides with purplish and black blotches. They enter by 
preference the smaller streams~ Owing to the large jaws and long fero-
cious-looking teeth of the species, they haYe obtained from the whites 
the name of dog-salmon. Vast numbers are t.aken by the Indians with 
spears, gaff-~ooks, weirs, &c., and dried for winter use. _Upon their 
arrival in September and October their roes are nearly mature. It is 
interesting to witness their persevering efforts to run up shallows, and 
in overcoming insurmountable obstacles, even running out of water 
upon the shores in their blind eagerness to surmoun~ impossibilities and 
reach the head-waters of the stream to deposit their spawn. In endeav· 
OI~ing to ascend high falls,· and in passing through rocky, violent pas-
sages, their snouts and bodies become much bruised and injured, giving 
rise to sores and ulcerations. The•fins ·become much worn, also. The 
impoverished fish have hooked snouts and pale whitish flesh. At no 
time is it seen with the bright salmoQ.:red flesh co!Ilmon to other kinds; 
but on the first· arrival, when in good order, they are found with flesh 
which, when cooked, has a pinkish-buff color, and is not,, in my estima-
tion, bad. Like several other species of salmon, they are very regular 
in the periodical arrivals at the mouths of the rivers. In 1856 they 
arrived in the viciuit.y of Fort Steilacoom on the 3d of October, and by 
the 7th were in such vast numbers that a sman boy with a pole armed 
with a gaff-hook could readily take on.e or two hundrnd pounds weight 
in an hour." 
The Indians say that, although tbi.s species enters the rivers later than 
the S. scouler·i, it returns earlier, staying a shorter time away from the 
sea. They say, also, t,hat inost of the individuals return to the sea after 
spawning, many more comparatin~ly than do of the S. saouleri. They , 
say that all individuals of the S. proteus die. The dog-salmon is pre-
feITed by the Indians for drying, as it has l>ut little fat. It is found 
Hparingly in the Straits of Flica and th_e entrance of Puget Sound as 
early as August IO. 
1 :1· r 'I .. ,. • , , n. 
OOll 11(1 • • L:\lON OF EUROPE. 
, , , 1r•· l no m(•,1 11 .:iti ii,·•l that th : Ji~nropean species exists on the 
nu I u·, n 1·0 1s1 , al hong11 Dr. Storer, De Kay and others ha,·e so writ-
t 1•11. Iii· •he 1· • quoting .Mr. l '• ·11·. , :u,, that the Salmo trutta, Flem., of 
:1 r •P •, i also found; arnl it has been stated that the S. liamatus, Ouv., 
11t>1·r11 • ~fo. probably th • " _•pecies are, if e\·er found, only met with 
,. accidental imlividua . ; all(l those fish taken afrer cursory examina-
tion t< he identical with tlw Bnropean are really of distinct species, 
anal< •1 >118 to or the coun t• ~rparts of their relatives on the other side. 
Thl' desnription of S dmo salar, contained in Storer's synopsis, is so 
mea'.!•'l tbat it is usele for purposes of identification. Those of other 
anthorH are •xcredinglycontradictory. Jenyns, in his" Manual of British 
V i>rt,•lm11i- A.nimals," gh ··, the following character as pertainmg to the 
1t•1•h : "Form, ova] ; moderately elongated, with the head and back 
in 1warl. · tho same line; the greatest depth a little before the dorsal; 
cont , im·rl about ti \ • times and a half in the entire length, iucreasing, 
llu, •· ·, ·, witb age; thickness, half the depth, head small~ about one-
Mi th of tho entire len' I h; snout rather sharp; jaws in young fish 
1 t: 1, nal, but in ol<l males the lower one longest and. curving up-
w·ll'(l in a hook. A row of sharp teeth along both sides of each jaw as 
well ,t. on the palatinel'l; but those on the vomer con tined to its anterior 
· tr(•mi t, ~ and in ~mme specimeus rather obsolete. 
"The only . J>ecimen in the Smithsonian collection, obtained from the 
A r"' ·i •, m coast, which closely approaches the S. salar of Europe, is 
the I · ul of a salmon Rnppo~t·,l to have been brought from Maine, hav-
ing lH r pnrcha.secl in tho Washington 11rn,rket. In certain respects the 
fish undoubtedly approaches the Europe:tn species, if we may be allowed 
to jm ~•· hy the heal alone. Compared to the specimen ~ent from the 
Swedish Academy, aml labelled S. salu.r, (of the correctne3s of which 
name we have, howernr, strong doubts,) we fi.o<l the head comparatively 
much wider between tho eyes, an<l posteriorly, in the Maine specimen. 
The taper of the snout nncl lower jaw is more rapid; their ext.remit,ies 
rn 1111 r ; teeth more irregnlar in size, aud the angle of the mouth but 
little behind a Jine drawn vertically from mid way betwren the eye and 
uostril; whcrea in the European specimen the angle, when the jaw is 
moderat.ely drawn down, is found just beneath the pupil. The shape 
of the pre-opercula also differ; that of the Maine fish ha,·ing its po~te-
rior border nearly vertical, and not, as in the European specimen, arch-
ing almol'lt parallel with the semicircular cnrrn of the opercul~in. · 
"In addition, the vomer of the Americ:1.n fish has no teeth upon its 
shaft, a1ul but two on its anterior extremity, in this respect agreeing 
with Jeuyn's description of 8. salar, but dilf'ering from the Swe1li~h 
specimens, which have two r.>w.::1 of teeth upon the shaft of that bone." 
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The SwPdish specimen (103, adult.) shows scattered dark spots along· 
the Rides, and 1mnHwous imrnll, ronud dark spots on the opercules aud 
pre-opercnla. Tail unspotted. 
8. SALJIO QUINN AT, Richardson. 
QUINNAT. 
Srx.-Salmo q11i1111at, Rieu. F. B. A. iii, 1836, p. 219; DE KAY, N. Y. Fmma,, iv, 
1842, p. 242; ST01rn1t, SynopHiH, 1846, p. 193; H1m1mwr, Snpplemcnt to 
Frank Forrester's Fish nnd Fishing, &c., 18f:O, p. 31; G1w. iu Proc. A. N. 
Re. Phil. , yiii, 1856, p. 217; IBID. Pacific R. R R<~ports, vol. vi ; Imn. 
Gen. Rep. Fii-;hes, p. 306; SUCK LE Y, I'. R. R R ept., vol. xii, Part 2, p. 
:tn; !Brn. N. H. \Vash. T err. &c., p. 321. 
Common 8almon, Lewis and Clarke. 
FignrC'H.-A young fish callee_l l,y this w1mP, a.ml probably belonging to tho 
::;pecies, h:u; be(~ll fignrnd urnler Dr. Girn.nl';;snp<)rViHion, and a,ppcars in the 
volmne ou the fishes collectea hy the U11ited States Pa,cific Railroad sur-
v eying parties, Plate lxvii. 
SP. Crr.-Adult.-Head pointed and large, forming about a fourth of 
the length from the snout to the end of the scales on the caudal. Dor. 
sa.l outline regularly a,rche,t Uandal deeply cut out, (in the dried speci-
men forked,) snout cartilaginous, as in S. scil.ar. Chiu pointed1 a trian-
gular bare 1m~jcctiou extending beyond tlle teeth. 
"General tint of the back bluish gray, changing after a few hours' 
remoYal from the water, into mountain green; sides ash-gray, with sil-
very lnstl•r; belly white; back above the lateral line studded with irreg-
ular rhomboidal or star-like black spots, some of them ocella.ted. Dorsal 
fir1 and gill-cover slightly reddish; tipR of the anal aud pectorals black-
il:;h gray; the <lornal and caudal thickly stu1lded with round and rhom-
boi11:tl spots; back of the head spariugly marked with the same. Whole 
bo,ly bt,Jow tltc lateral li □ e, ,vith the mHfor fins, destitnte of spots." 
(Gain.Iner in Rich., F. B. A. Fishes, 220.) Seales large. Brallcbiostegal 
ra;p, varying- from 1G to 20. 
Yo1111r1 ?-'' Body fu:-iiform in profile; compreRRe<l; head forming about 
the fifth of the total lcHgth; maxillary bone cnrvcd, exteuding b eyond 
the orbit; anterior 11mrgi11 of the dor:-m.I cqni-dista.11t between the ex-
tremity of tlw imont aud the im;ertion of the candal; dorsal region oli \Ta-
ccons, stud(letl with jncgnlar black spots; dorsal aml caudal fins similarly 
RJ>Otte<l. Region beneath the lateral line nnieolor, silvery along the mid-
1lle of the flanks, and yellowish on the belly; inferior fins unicolor; head 
aLow, blackish-gray; sitles blnish-gray."-Giranl. 
Ba:-;e,l on a spocime.n, No. U3H, Smithsonian collection. 
HAB.-Pacific coast of North America, from Sau Fnuwisco northward; 
enkrillg the largm· 1:ivrrs in grettt unmbern annually. 
'l his hl'ing thP 1110,-,t important R,tlmou, both in excelle11ce and numbers, 
fonwl in foe W(-\_..;tcm watm·,-;, I ltaYe taken the libl•rt,y of reproduciug a 
portion of the rc11unfo,; on the species which ,vere embodied iu tlw report 
D n . n ERIES. 
tw •lfth volume Pacific 
, I' 11 itu1ar th i flRh agrees with the 
, z, , , . 1 · 11- • , i, . of t110 S. orientalis, and, as 
H t 111 t , 111 omc• ti~'l.11'1 of Japanese fish, like it, 
1 1 1 , 1 .,1111d · ling ,1he larger rivers on1y iu the 
1 1l, 1.1_ , .uul . un( ; in l , 1 iug ti• h, lips, and in gastro-
tr·1. J .ii , ha" la ... pointed bead, with very similar 
1if •1 11 H11 \1 1. J;,, oort fignre in ha ingthe tail much more 
.'1 111 0 1 i I I , •l md in having spots on the back and 
•Iii, 1 .11 taim~ the large size given above, the average 
,wnt fl pounds. V ,lencienues says tbat the S. 
1.1 numerous ·•· 1 •11 shaped spots above the lateral line. 
1,1-,·, l on :1 <Im ing, taken by Mertens, of a female. (See 
1 ,,r . ho, 1• ,, ot, d, p. 23.) The S. quinnat, according to 
1 1 111•1 1 , • 11 , -pot -<li . 1·i.•1 1t l, shaped. 
ha , 111 11 1 nclum t'uru , I I me by George Gibbs, esq., he says that 
1 1 f• I 11 111,I 11 , ,, t lw month of the Columbia, he saw "the true 
, , " .1l1t1 q11 ,d t1 ,.- Columbia. Speckled on back, fins, and tail, with 
11111011 pc 1 • r, dl in large specimens not always spotted. Tail 
" 11 11· , qunma,t • designatecl by Lewis and Clarke as the ''com-
1 1,1 • 111 0 11 , 1 • thP Columbia. It waH first scieotifically described by 
J I n 1:, I 1; 111 I m from specimcnR and nows obtained from Dr. Gaird-
11 1 l1 0 \\ ., 11 ,., (ahont the . car 1835) living at the trading-post of the 
"" 11 , , Ii , Ht 1 • 111 I :t, Company, situated on the right bank of the 
( nl urul 1 1. 111 .,ti. 01 I" it the mouth of the Willamette River, about one 
l111 ruh 1·1I mik from the o,•ean, then and still known as Fort Vancouver. 
hil • · atiooed a - surgeon at that important point, Dr. Gairdner, in a 
J• · ii ·•· orthy manrwr, busied himself actively in studying the 
11. 11 history of the region; and in connection with the labors of Tol-
r1 nsend, nttall, and Douglass in the field, and of Richardson~ 
1, .A.nduboo, and Bachman in the study, presented to the public 
•11 • ,. an that was known to naturalistR of that remote portion of the 
or1d np to the period when the late scientific explorations were under-
L - under the auHJ>ices of our Government. 
Th i salmon is, perhaps, the finest of all that enter the rivers and in-
1 . of our Pacific J)Osses~ions. The adults are readily recognized by the 
•·ttlers from their great Mize and their ln.rge deeply-forked tails. When 
fresh from the sea they are in superb condition for the table, equal, in 
our estimation, to the best English or Scotch salmon. 
The color of the flesh is of the richest "salmon-red." The genera.I ex-
Wrna1 appearance of the fish presents very bright silvery reflections. 
They first arrirn in the Columbia River duriug the month of 4,-pril-the 
periodical advents usually. varying but a few days. 
Lewis and Clarke speak of their tirst arrival at the Skilloot village, be-
low the site of Fort Vancouver, on the 18th of April, 1806, and at the 
Dalles {two hmufred miles above the mouth of the Columbia) in the year 
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1807,on the 10th of April. Major G. I. Rains, United States Army, no-
ticed them at the latter place in 1854, on the 28th of April, and I myself 
saw the first of the season in 1855, April 11. George Gibbs, esq., in 
mss. notes informs me that in 1853 the same species were "in season" 
at the mouth of the Columbia on the· 20th of April. 
The qninnat, in an economical point of view, is by far the most valu-
able salmon of any species found in Oregon. The extreme richness and 
delic~cy of its flesh cause it to be much preferred for salting, and were 
it not for the hitherto 'high prices of labor, barrels, and salt, it would 
l1;i,ve, ere this, been found a staple article of export from the Columbia. 
In numbe.rs they seem to be inexhaustible, and are readily taken in nets 
and otherwise. During the "season'' they are so abundantly taken at 
the rapids near. Dalles that, notwithstanding the high rates at which 
most articles of domestic· consumption are sold, I have frequently pur-
chased noble specimens of this fish, weighing twenty pounds or more, 
each, for the small price of a quarter of a dollar. The Indians on the 
Columbia take immense nmn bers, eating wha.t they need while fresh, and 
drying- thousands for winter consumption or for trade. The principal 
method of captnre employed at the Dalles is _by '' scooping" at randorn 
in the rapid water as it passes a projecting rock along the banks of the 
stream. The salmon, keeping close to the shore, in order to avoid the 
force of the current, take ad vantage of" shore eddies" in their ascent. 
The Indian selects a proper location, generally b.y a projecting rock, upon 
which he builds a platform, and with a "scoop-net" about four· feet in 
diameter, attached to a loug pole, rapidly sweeps the water below. The 
net passing down with tlte current, and immersed four or five feet below 
the1;1u~face,is altern~telydippedanddrawn up,again to be plunged in the 
boiling waters above. Daring the height of the season itisn_otuncominon , 
for a single man thus to take twenty or thirty .fish in an hour. The 
time chosen is usually during the long twilight of the evening or early 
morning. Whether this is because the fish do not "run" during the 
the bright hours of the day, or because they, seeing better, avoid the 
net, I am in doubt. 
For subsequent consumption the salmon are split open and the entrails 
and hack-bone taken out; they are then hung up in the lodges .to dry in 
the smoke. When perfectly dry they are packed in bundles and kept 
in baskets or mats, and in some places, as along the river from Walla-
Walla to Fort ColYille, large stores are placed on platforms raised on 
poles some twelve or .fifteen feet from the ground.· This is to protect 
them from the ra,~ages of the wolves. To guard against rain and the 
plundering propensities of crows, magpi~s, and ravens, they are covered 
with mats or strips of bark, and qccasionally with rough-hewn ·boards. 
No salt is used by the savages in preparing the fl.sh; nevertheless, the 
food thus preserved keeps in good order for several years. 
Four undoubted specimens of the S. quinnat * are in the Smithsonian 
* A much fuller ·collection in the P!~sent dat 
J, IERII' . 
Ore-
1 , ,. ~, t , w, ba I ascertained by care-
p, •·1 brought to the San Fran-
,, 1 11 l ll h• r•· luring the months of Jan-
111 ·,•c• wn ' ,.P, l by its large head 
• it bmnchial rays, which are 
. ii i· la, i.,1· all(\ well cut out, and 
1,,: nl • wo 111 ·flm~ru~ which had been 
, •1 · I •·• l .i . t. ton aml a half pounds each. 
,,. , h :1 \1 1• known of in tllat locality, but fisll 
1il. h 1 , , ll 1·,•r1 • rn •J1t fo.rther north. This must 
, 1 • h o \ hich it e-\·er attains. 
1 c I 11 uwll for he San 1•,rancisco market by 
.mt>n o J;i ·1 ho t:1 ke them with gill-nets, mucll 
h 1 1 1 · j 11 11 ·ht in the Hudson. 
1 , · horn t l11• <1111 ' 1 ion was put, whether any pecn-
... , • , d1 iuguish the sexes, answere<l 
, ·.~ 111 1101w. 11 .11ne ·1 >emes of' 1mlmon was found, about 
> • •m1u 1 llm I I. 11t in the bay at Port Townsend, and at 
, LIii ti,· I 1 '.! nn ,d. 'I 1 • Indian took them in moderate quan-
l1 ,11111 r in t h· manner d · • n bed on page 329. These salmon 
• 11, rn11r 11i11 . up t , · 1h• 1·1· not yet impellecl by instinct so to do, as 
• 1 ll n ·. 11 in r , 1 • m t 11· hut very slightly de,·eloped. 
•• In th ,· . ·. 111 I ·., ,. · 1•1 111 1 J' ·t ,ve also noticed a small salmon, more 
lu 11 and more ron1Hlecl jaws than the quinnat 
u ... ,, 1., 1·•• •mbling tbe l~. gairdneri or the S. trun-
11 •ii l the dealers Kalmon-tront. It does not ap-
ln , , z, rarely exceeding 28 inches, and is for 
·lit- 1l·•· sold for a much greatel' price than Urn 
.1 - that the Skagit, Indians believe that the yo-
mut J1 , 1mo,i d I ri • 1, 1 wnin . The largest he saw weighed forty 
nd w · ·: bout tlu· ., .. feet iu length. They become worn out 
J 1 • Simiahmoo Indians, speaking another dialect, 
IJ a. t th k,c , 11 a ( • •. qu,nnat ' ) alone bite at the hook. We have 
seen m,m)' • · t h•• . qtii1t1utt takm1 with hook au<l. line at Port _Townsend. 
~Ir. ( ihh in hi uot, ·, describ~s the manner the Lummi Indians take 
·1 lrnon in :1 lt water by a net about 15 feet square, dipped several feet 
under water at the front end, but kept stretched between two cauoes, 
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the himl part of tQ.e net being lifted a little above the surface. The 
cctnoes are propelled gently along, and when salmon are felt the net is 
raised like a dip-net, and thus the fish are captured. They occasionally 
in this way will capture fifty salmon at one '' lift." 
9. SALMO CONFLUENTUS, Snckley. 
'..1.'0W ALT SALMON. 
Typical specimen in Smithsonian collection Fishes, No. 1135. 
SYN,-'-Salmo conjf,itentns, SUCKLEY, Ann. N. Y. Lye., December, 1858; IBID, P.R. 
R. Rep., vol. xii., pt. 2, 1839. 
Towalt of the Nisquallies. 
SP. Cn.-Male.-Form, stout; dorsal outline r1smg to a p~int just 
anterior to dorsal fin, then rapidly tapering to tail; dorsal, adipose, and 
caudal fins profusely spotted; caudal b~oad and moderately lunated; 
adi'pose opposite anal, and much elongated; spots along tJ?.e back an_d 
sides, generally •linear, or V-shaped; others irregular, (buf few round,)' 
.covering from two to five scales; the most common cover three scales, 
and are about half an inch in length; fins on under parts unspotted, as 
also all parts beneath the lateral line. A. triangular bare projection of 
the chin, anterior to the front teeth, as in the S. quitinat, but smaller; 
scales scarcely as large as those of S. triincatus. Teeth of irregular 
size, and not so closely dh;posed on the arms of the jaws and labials as 
in: S. gairdneri; middle of dorsal fin nearly opposite a point at the middle 
of the total length. Differs from S. quinnat in having the tail but mod-
era·tely lunated at the extremity, that of the latter beipg so deeply cut 
out as to be almost forked; in the number, shape, and size of its spots, 
and in its smaller hearl. . 
Young? (Uharacters drawn from a young tsah-kwai., sent by Dr. 
Kennerly from Ohiloweyuk Lake, No. 203 in the doctor's collection.) 
Head contained 51 times in the total length. Tail handsomely forked. 
Dorsal, adipose, and caudal spotted with oval black spots. Head spot-
ted with round spots o( the ·same, eaeh about 1~ lines in diameter. 
Br. 16: P. 17: D. 15: V. 11: A.. 16: C. 20: rows of scales just in front 
of dorsal, 31 above lateral line; 42 below; 145 upon it. 
HAn.-Northwest coast of America, entering the rivers for spawning 
purposes during the spring, and continuing throughout the summer. 
A very large salmon, known to the Indians of Puget Sound as the 
towalt or to-oh-odlt, is caught in Black River, a fork of the Dwamish. 
It is said that this species is distinct ftom the satsup, (which we take to 
be the quinnat,) but it is identical with the tsah-kwai of Fraser River. 
Mr. George Gibbs, while on :Fraser River, speaks of the salmon known 
to the natives there as the tsah-kw.ai. He says : "A few enter Fraser river 
as early as March, but they are so few tha~ they are not caught at the 
fisheries before April. Mr. Gibbs mentions obtaining in the Haro 
Straits, on the 12th of Mar~h, 1859, one of these salmon. "Belly, silvery-
white; back, dark olive-green o_n the ridge; sides, lighter . and with 
1, 111 Ii 11 • 1: 1 1h11', with black 
1 I n. I w,·kli· l : u·,111 small and 
h. ,·I ;1 the dorsal ends; 
1 ,l . 1 t in·\' m·, t ill scarce." 
r r1 ;ll I,. (' hi °'' I' nk, September 8, 
111• 11 •~1 h ot' 3 feet, 10 inches, 
,· i1 11 111 n 1 ,, of' 1 foot, 10 inches. 
; l,11 · -111 t ; those of the dorsal flu 
11 •1 , 1 ,1 • ith 111 1 allic In tre. Lateral line 
. ,. ,I 1 • • 1 l.,t,• I 1i 11" \Vitb irregular black spots . 
. , h : Ii· , I n l IH- mou . h i closed. Head 8 inches long. 
1 - in ,w I ,, ·11 lition nn ·l almuclant at Chiloweyuk at 
, ( 1· I , 1 1, l · : .. '· 1i p• i,· i tht· ·11· 11., t found in these waters. 
1 1 • d 1 11 ni ,. , hit · nul 1111 t II much · eemetl as the suk-keh, which 
. , Ju l"", 1. 111 ,I'.,. 0 1111 1, specimen he says: ''The spots 
111 t, l' •• I ,p t' J, · 1 · 1.1· in proportion than those of the 
10. LMO AURORA, Girard. 
,, , 1 ,-ora Guo. l '1 ,u . Acacl. at. Sc., Philad., viii, 1856, p 218; Imo. 
I' H IC. m !'·• vol t ~ , p. 308. 
, ,1 /mo aurora. ( , 1t1>. Suckley, I'. H. R. Rep, vol. xii., part 2, p. 343; IBID, 
. 1, Iii t. Wu lii11ir11,1 Territory, p. 343, pl. 6 8. 
, J,,., ,·Aa, . wt'! ,nd Clark. 
' 11.- , d . fu · u II compressed; head forming the fourth of the 
•Jl:i l li•11.: th, 1· 1mlal fin 1· xcludetl; upper jaw longest. Maxillary gently 
uruln l1 ti 11 1 •, i posterior extremity extending to a vertical line passing 
m 11 l ,•1·. il behind th · entire orbit. Anterior margin of dorsal tin 
1·•1uidi. t.u, t between the tip of the snout and tho base of the caudal. 
around color, greyish-silvery above; sides and belly, yellowish-orange; 
dorsal fin spotted.-Girard. 
The two specimens from Astoria still remain in the Smithsonian col-
lcction. . o others have been received since their arrival in 1854. Dr. 
( irard's description (based upon the characters of what appear to be 
oung of immature fish) gives very uncertain data for the identification 
of .11l ul · of the species. The typical specimens are numbered 583 on 
the museum register. 
( ollectors near the mouth of the Columbia would do well to preserve 
for study and comparison several small (healthy) red salmon, if they can 
be obt.ained. 
11. SALMO ARGYREUS, Girard. 
SYs.-Salmo argyreiu,, Gao. Pacific R. R. Rep., vol. x, 1858, p. 312, pl. 52; 
BUCKLEY, P.R. R. Rep., p. 326, and Nat. Hist. Wash. Terr., p. 326. 
Fario arggre~, GRD., Proc . .A.. N. Sc., Phil, viii, 1856, 218; IBID, Pacific 
R. R. Rep., vol. vi, part iv, p. 32. · 
As the description of this species given by Dr. Girard seems based on 
the characters of two young, partially grown fish, the specific characters 
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thus deduced are probably much unlike tµose. of the adult in good con-
dition. · ' 
SP. CH.-'·' Body very much depressed, rather deep upon its middle 
region, aud quite tapering· posteriorly. Head moderate, constituting the 
fifth of the entire length. Jaws equal. Maxillary slightly curved; its 
free extremity extending to a vertical line drawn posteriorly to the orbit. 
Anterior .margin of dorsal fin nearer the extremity of the snout than the 
insertion of the caudal fin. Bluish-grey aborn; silvel'Y along the mid-
dle of the flanks; yellowish beueath.''-Girard. 
Three specimens are in the Smithsonian collection, labeled by Dr~ 
Girard, as belonging to this species. From two of these, also, he based 
his description, and had the drawing of Plate lxx, Gen. Rep. Fishes, 
P.R. R. Rept.~ made. They are alcoholic specimens, and are numbered 
ou t,he museum regi_ster 579, 580. 
The least examination shows that both were very young fish-so 
young as to render it impossible to decide with certainty to w_hat species 
they really belong. In many characters they resemble the S. quinnat, 
and particularly so in having fully fifteen branchiostegal rays. 
12. SALMO P AUCIDENS, Richardson. 
WEAK-TOOTHED SALMON. 
SYN;-Salmo paucidens, RICH. F. B. A. iii, p. 222;-HERBERT, Sup. to Pish and 
. Fishing, &c. 1850, p. 36;-SucKLEY, Nat. Hist. Wash Terr. and P. R. 
R. Reports, vol. xii, p. 325, 1859-'60. 
Dr. Girard's species, the S. aurora, has the back well arched. This 
may be owing to youth. Were it not for this circumstance the exceeu-
iugly small, weak teeth of the specimens labeled by t.he doctor as 8. 
aurora, (and from which he based his description of the species) would 
induce us to consider the latter name only as a synonym. 'Xhe young 
of all the species of salmon known to the writer bave forked tails, arnl 
it is, therefore not until the :fish have. reached adult age that this charac-
ter can be relied on as specific. 
The salmon in Dr. Kennerly's collection from Frazer River, labelled 
the suk-kegh, and described by us in "Notices of Several New Species 
of Salmonidre, &c., New York,Jnne, 1861," as the Salmo richardi, comes 
nearer to this species than any that we have received from the Pacific 
coast; even including t,he S. aurora. More specimens from the Colum-
bia will settle the question. · · 
For discussion of certain points in connection with S. paucidens, we 
refer to the works last quoted in the synonymy above. 
13. SALMO TSUPPITCH, Richardson. 
WHITE SALMON, 
SYN.-Salmo tsuppitch, RICH. F. B. A. Fishes, 1836, p. 224;-DE KAY, N. Y. Fauna, 
iv, 1842;-ST0RER, Synop. i846, p. 197 ;-HERB,EltT, Supplem. to :Fish 
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1111<1 FiRhing, 1850, p. 39;-SUCKLF.Y, Nat. Hist. of Wash. Territory, 1859. 
(not J•'ario t1J1tppitch;--E, nD. Pr. A. N. Sc. Phil,, viii, 1856, P• 218 ;-IBID., 
Gen. Rep. Fishes P.R. R. Rep., 1858, vol, x, p. 3CJ0.) 
f Wltiu Salmon, Settlers on the Columbia. 
f Silvery-white Saln,,on-trout, Lewis and Clarke. 
Figures.-The plate (LXIX, figs. 1-4) in the P. H. R. Rep?rts!. represent.s the 
Salmo gibbsii, and not this spec1es.--(See remarks on S. gibbsii.) 
SP. Cu.-Convexity of <lorsal outline rising gradually to origin of 
first dorsal, clecliniug from thence to the tail. Ca.udal forked. Head 
small exaotly conical, terminating in a pointed, snout. Commissure of 
montl1 ,•ery slightly oblique.. Back of body and head studded with oval 
and circular spots; sides and fins, iMluding the oaudal, rlestUute of spotlJ. 
Teeth minute and Nharp; a single row on each palate lJone, a few on the 
anterior encl of the vomer, and a double row on the tongue. [The fore-
going description is deduced from Dr. Gair<lner's notes in Rich. F. B. 
A., p. 224.J The portions italicized in the above summary of specitlc 
characters are those <liffe1-ing· strong1y from a correct description of the 
flHh taken by Dr. Girard for this species, and described by me as the S. 
gibbsii. 
The <lescript.ion, &c., above quoted is copied bodily from the Report 
on the Salmonidre, by the preseut writer, contained in part 2, twelfth 
Yolume Pacific Railroad Reports, and duplicated in the work entitled 
.1 tural History of Washington Territory. Since then no additional 
information bas been obtained concerning the fish, although careful 
inquiries have been made. 
14. SALMO CLARKII. H.ichardsou. 
OLA.RK'S SALMON. 
SYN.-Salnw clar1di, RICH. F. B. A. iii, 1836, p. 224 ;-STORER, Synop. 1846, p.197 ;-
H1mmmT, FiRh un<l Fishing of the U.S. Suppl., 1850, p. 40 ;-SUCKLEY, P. 
R.R. Report, yol. xii, p. 344, 1859 ;-InID., Nat. Hist. Wash. Territory, 1860. 
(not Salmo clarkii, GRD.) 
SP. CH.-(Drawn from RichardRon's description and Dr. Gairdner's 
notes.) Dorsal profile nearly straight. Vl•11t,rals opposite to tlw mid-
dle of first dorsal. Fissure of mouth oblique. Bxtremity of' mnulal 
nearl~ even. Both jaws armed with strong hooked teeth, a single row 
on I'' 1·h palate bone, and a double row on the anterior half of tlJt, vomer 
and on the tongue. The teeth are long, slender, aud acute. Linguul 
teeth longest and most curved, An oblong plate ou the isthmus 
which unites the lower ends of the branchial arches rough witli very 
. ' mmute teeth. Sixty-six ,pertebrre int.he spinal column. 
From the colors given by Dr. Gairdner we infer that they were noted 
from partially exhausted individuals of some species of anadromous 
salmon. He says: "Back generally brownish purple-red, passing 011 
the sides into ash-gr~y, and into reddish white on the belly. Large 
patches of dark purplish-red on the back, dorsal and base of the caudal 
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ash-gray; end of caudal pansy-purple. Back, dorsal, and caudal stud-
ded with small semi-lunar spots. A large patch of arterial-red on the 
operculum and margin of pre-operculum. Pectorals, ventrals, and anal, 
grayfah-white, tinged with rose red." 
Rays.-" Br. ·11; P. 12: V. 8: A. 13: D. 11-0.'' The original speci-
mens were obtained by Dr. Gairdner at the Cathlapootl River, a small 
tributary to the Columbia. None have been obtained during the recent 
explorations, although it is by no means improbable that some one o:£ 
the species lately described from healthy-run individuals may really be 
identical with this fish. For further remarks and suggestions concern~ 
iug S. clarkii, see '' Nat. Hist. Washington Territory," or Pacific R. R. 
Reports, vol. 12. 
15. SALMO IMMACULA.TUS, Storer. 
THE UNSPOTTED SALMON. 
SYN.-Salnw imniaculatus, H. R. STORER. Bost. J ourn. Nat. Hist., vi, pp. 264;-269. 
SP. OH.-(Drawn from Storer's original description.) Length of head 
about one-sixth that of the body; its depth two-thirds of its length. 
Jaws with numerous sharp incurved teeth. Eyes laterally-elongated, 
their diameter one-third the distance between them. Opercl~s rounded 
posteriorly; below, naked and marked with concentric-strim. Pre-opercle 
larger than in S. fontinalis. 
Scales larger than those of S. f-0ntinalis. Lateral line commences 
back of superior ang-le of the opercnlum, and assuming the curve of the 
body is lost at the commencement of the caudal ray~. The first dorsal 
commences just anterior to medi:tn line, and is nearly quadrapgular. 
Fins.-Adipose at a distance back of the first dorsal little less than 
one-h.alf the length of' the fish. Pectorals just beneath posterior angle 
of the operculum; their length three-fifths that of the head. Ventrals 
just beneath posterior portion of first dorsal. The, plates, at their base, 
very large; anal about the length of the head behind the ventrals, ter-
minating directly beneath the adipose fin. Caudal deeply forked, its 
length equal to greater depth of body. 
Oowrs.-Silvery on sides and abdomen ; <larker on back. No spots. 
DIAGNOSIS.-The diagnosis between this species, if it should really 
prove distinct, would be by the following: Its silvery color; absence of 
spots; gre~t length of head compared to the body, the strongly forked 
tail and its great length. '' D. 9: P. 13: V. 9: A. 11: C. 30." 
The specimen described by Dr. Storer appeared to be unique. Its 
length was thirteen and a half inches, and from that circumstance, and 
from the deeply-forked tail, I am strongly inclined to consider it as that , 
of a young fish, probably belonging to some species already known-
perhaps S. trutta. The naming of salmonidre, and the descriptio~ of 
new species, based upon the characters of young, partially developed· 
fish, cannot be too strongly reprobated. There is already too much 
confusion in the synonymy of the l"arious kinds; and if the practice of 
S.Mis.7~8 
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describing and naming new species from the characters of u~identifled., 
immature individuals is not stopped, the study of t~e relations of the 
1 d • will become so complic~ted th~t useful classification ':ill ~e n~xt 
to impoRsible, and the prinmpal obJect and usefulnes~ ot s?1entdic 
, ti ngement, such as sjmplifles the study of natural ~1s~ory m other 
branches, will be greatly impaired. Examples of descr1.pt10n based on 
young fish are Salmo Mwberrii, Grd., and Salmo (Fario) argyreus 
Ord. Errors of this kind might easily be avoided by a little care in 
labeling by tbe c"llector in the field. These remarks are meant generally, 
and not to reflect upon individuals. 
Dr. Storer adds to his description the following statement: "But a 
single specimen of this beautiful fish was taken, and that by a gill-net 
strewbed across the mouth of a brook fl.owing into Red Bay, Labrador." 
16. SALMO GAIRDNERI, Richardson. 
G.A.IRDNER's SALMON. 
SYN,-&Tmo gairdneri, RICH., Fauna B. A., Fishes, 1836, p. 221 ;-DE KAY, N. Y. 
Fauna, iv, 1842, p. 243 ;-STORER, Synop., 1846, p. 196 ;-HERBERT, Suppl. 
to Fish and }1Shing of the United States, 18.50, p. 34 ;-(not Fario gaird• 
11eri, GRD., Pr. A. N. Sc., Phil., viii, 1856, p. 219 ;-IBID. Pacific R.' R. Re-
port.a, vol. vii; et Gen. Rep. Fishes, p. :.n3, Plate lxxi, :fig. 1-4) ;-SucK-
u:Y, P.R. R. Rep., vo).12,p. 331;-IBID. Nat. Hist. Wash. Terr.,p. 331. 
Quannich or Kw11annich Chinook, (not jargon.) 
SP. OH.-[Ba.sed on data given by Richardson, and on the examination 
of two dried skins in the Smithsonian collection.] Profile of dorsal 
outline nearly straight; tail terminating in a slightly.semilunar outline. 
Ventrals correspond to commencement of dorsal, and adipose to end of 
anal. Jaws fully armetl with strong hooked teeth, except a small space 
in center of upper jaw. Vomer armed with a double row for two-thirds 
of its anterior portion. Book of head and body, bluish gray; sides, 
at1h gray; belly, white; caudal, spotted with oval dark spots; snout, 
rounded; head, short and comparatively broad; under fins, light-colored. 
HADI'l'AT.-Pacific Ocean, northwest coast of America. Enters and 
ascends the Columbia in the spring. 
DU.GNosrs.-From S. qu.innat by its round muzzle and chin, and 
when adult by lacking the forked tail. From S. truncatus by its broad 
head at the base; its round "snub" snout. [For further marks of dif-
ference see those species.] It resembles the S. truncat~ in its short 
head, small teeth, truncate tail, and large scales. In the specimen 
examined the operculum differs considerably in shape from that of the 
male S. quinnat. 
Gairdoer's salmon enters the Columbia in the spring in company with 
the 8. qu.innat. It is a fine silvery fl.sh, and equal in flavor and delicacy 
to the latter, but much smaller in size; the average, according to Dr. 
Gairdner, being about six or seven pounds. 
Two skins are in the Smithsonian collection, sent from Astoria by :Mr. 
James Wayne. 
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17. SALMO TRUNCATUS, Buckley. 
SHORT-TAILED SALMON; SQUARE·'l'AILED SALMON. 
SYN.-Salm-0 tmncatus, SucKLEY. Ann. N. Y. Lye., Dec., 1858.-IBm.·Pacific R.R. 
Reports. vol. xii, p. 327, 1859. 
Klit-shim of the Klallams. · 
Typical specimen, No. 1134, Smith8onian -collection. 
SP. CH.-[Based upon the skins in the Smithsonian collection'..] Body, 
fusiform; dorsal outtine but slightly arched; anterior margin of dorsal 
fin much anterior to a point equidistant between the nose and the inser-
tion of the tail; head very small; jaws fully pro\Tided with small teeth; 
tail small, its free margin, when extended, being almost straight, having -
a very faint tendency to -lunation; scales large. Colors of the fresh 
run fish: Back of head, back, dorsal and caudal fins bright blue, spotted 
on the head with roundish, on the fins with oval spots of ·black ; the 
blue of the back is silvery, that of the head and fins darker; lower 
parts silrnry white, this color extending about an inch above the lateral 
line, and merging itself irregularly into the color of the back ; no spots 
below the lateral line, which is faint and of a bluish dusky Mlor ; lower 
fins pale and unspotted, their tips somewhat darkish. Abdominal 
cavity comparatively small; fish weighty for its size·; ·usually two 
rows of teeth along the body of the vomer. . 
The male has a slightly larger head than the female; ·the teeth are 
also -stronger; and between the front teeth opposite the intermaxillary a 
notch exists for the reception of the more pointed chin. It probably 
never becomes "hooked-billed.". 
DIAGNosts.--From S. quinnat can be distinguished by its more 
rounded snout and chin; by • lacking the triangular bare space in front 
of the maxillary symphysis anterior to the teeth; by its short head ; 
even, spotted tail; and by its large scales, which are double the size of 
those of the quinnat. From R. gairdneri, Rich. Snout and angle of 
jaws sharper; head much narrower at the base and more tapering; scales 
slightly larger. 
The species are however nearly allied. I For rem.arks in detail con-
cerning the differences and affinities between this and other t:Jalmon, see 
Pacific Railroad Reports, ml. xii, part ~, page 328.J 
HAB.-Anadromous; Puget Sound; , Columbia River. 
Since the preparation of the twelfth volume of the Pacific Railroad 
Re~orts, Dr. Kennerly obtained and forwa~ded some additional material, 
(skms 2097, 1119.) No. 2097 was obtained during the winter of 1859 at 
Fraser River; the other in the Straits of Fuca, in August. We have, 
therefore, been able more satisfactorily to determine the distinctions 
between this species and the S. gairdneri. Mr. Gibbs now seems to 
think this fish is not identical with the skwowl of the Nisquallies. 
The measurement of the head of the typical specimen mentioned in the · 
last works quoted in the synonymy was taken from the snout over the 
11, ONER OF FISH AND FISHERIES. 
·•·rl • 1 lon• t11 • median line, and not from snout to farthest point on 
,1 ,, of II w 1 ,(• 1111 111. It ra this measurement of the head which was 
n 1 • thi · • r h of the fish total length. 
Tia ,, following is extracted from the report on the Sahnonidre in the 
: ·1 ftc · ilroad Report, vol. xii: 
Whileresiding at Puget Sound I collected the following information 
from the Indians respecting the salmon known to the NiRquallies as the 
skir, 1, which I consider identical with the klutcliin of the Klallams, 
a 1, 1·i wen of which has served as the typical example of the present 
1 • · , • ThiK fine salmon is second to none in beauty, size, or excel-
lence. It arrives in the bays and estuaries of Puget Sound about the 
middle of antnmn, and toward the 1st of' D~cember commences to run 
np the larger rivers emptying into the soup.d. Their ascent of these 
streams coutinues through December and January. This arrival of the 
species in fresh water is not as simultaneous, neither do they arrive in 
such great numbers at any one time or in schools, as is the case with 
the skowi'tz, and several other species, but the "run" being som.ewhat 
more "drawn out" affords a steady, moderate supply to the Indians 
during its continuance. In the fall and winter large numbers are taken 
by the Indians from the salt water by trolling with hook and line in the 
bays and coves of Puget Souud. The bait used is generally a small 
kind of herring, a little larger than bhe common sardine of commerce. 
f'ter entering the rivers it is taken by the Indians in nets, traps, bas-
kets, and also by s1>earing. Its flesh when cooked is of a beautiful 
Halmon-red, and, as a table delicacyt when fat, as it generally is when 
"fresh run," ranks equally with that of the S. salar, the satsup, or the 
quinnat. The Oowlitz River, (a branch of the Columbia,) situated not 
more than sixty miles from the head of Puget Sound, has salmon of 
various species entering it at regular periods annually. Indians of in-
telligence have told me that the species under consideration is the only 
kind common to both these waters. How far we can place reliance on 
their statements is difficult to determine. 
The distinguishing characters which strike the eye at a glance are its 
short and small head, the small weak teeth in the jaws, aud the shape of 
its tail, which is truncated, not forked. Mr. George Gibbs says that the 
S. truncatus (klitshin or klut-chin) has the most solid meat of all the sal-
mon, and has a very small abdominal cavity. lt keeps its depth to the 
insertion of the tail, and weighs more in proportion than a.ny other. 
Body co\"ered with small black, roundish spots; bac}{, dark olive; sides, 
gray; beIIy, white-gray behind; nose straight. A specimen obtained 
by him, 29 inches in length, had a girth in front of dorsal fin o~ 17 inches; 
girth at insertion of caudal, 7 inches. Length of head, 5 inches ; nose to 
dorsal fln, 13. 75 inches; breadth of tail, (at extremities of lobes,) 6 inches. 
Scales small; weight, 9. 75 pounds ; male. Whether this be the 
skwowl or not, the fact that skwowl enters the rivers in mid-winter and 
is gone or exhausted when the S. quinnat arrives, is of value, and will 
afford a clue to the collector. 
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18. SALMO RICHARDT, Suckley. 
SU.K-KEGH SALMON; RICHARD'S SALMON. 
SYN.-Sal·mo richardii, SUCKLEY, Notices New Species N. Am. Salmon. N. Y., 
June, 1861. 
f S. paucidens, RICH., F. B. A. 
SP. CH.-fBased on a skin in alcohol, No. 2005, Smithsonian Oat.; 
Fishes. J Dorsal outline moderately con vex, its .Point of greatest height 
being at the insertion of anterior ray of dorsal-the arch from the snout 
to the caudal insertion being very uniform. · 
.Female.-Head conical; jaws apparently equal-:-the thick, fleshy tip 
on the point of the lower jaw of the fresh-run fish aiding much to give 
this appearance. Maxillary extends back to a point immediately below 
the posterior of margin of orbit. Teeth extremely small, and but few. 
Tail deeply lunated-almost forked. Tail and other fins unspotted. 
Does not often attain a greater weight than fifteelipounds.....:...the average 
being scarcely more than eight. Br. rays, usually 14. 
HA.B.-Northwest Pacific coast. Enters Fraser and Skagit Rivers. 
The species is named in honor of Mr. J. H. Richard, the clever artist who 
has so handsomely and correctly drawn . the ichthyological illustrations 
of the Pacific Railroad Reports. 
DI..A.GNOSIS.-The forked or deeply lunated tail will serve to dist~n-
guish the species from those not possessing that character. From the 
quinnat it differs in lacking the strong tooth and pointed, triangular, 
smooth, projecting chin which extends in front of the teeth of the l~tter. 
The unspotted tail and fins assist in the diagnosis. Concerning its 
identity with S. paucidens, see text beyond. The " lip"' in front of the 
'teeth on the lo.wer jaw is not triangular, but is rather thick, extending 
some distance in front of the teeth, and in this respect approaching to 
the S. quinnat. 
This salmon runs up Fraser River in great numbers, where it is t4e 
principal summer salmon. In the Skagit it occasionally is found, and is 
there considered a great rarity by the natives, who call it oheh-itl. This 
fish in many respects agrees with Richardson's description of the S. pau.-
cidens. But as that is so meager and may apply to the young of so 
many different kinds, I have been guided by the known difference of 
time in their arrival from the sea. Dr. Gairdner says that the we.ak-
toothed salmon enters the Oolumbia in company with the & quinnat, (in 
April and May,) whereas the suk-kegh does not run up Fraser River 
until later. 
"The procuring of specimens from the Columbia of the salmon 
known to the Indians of the lower river as the kwe-achts, would settle 
this question. 
"The suk-kegh is the best summer sahnonofFraser River, being in prime 
condition in the rivers during August and the early part of September. 
When they enter Lake Chiloweyuck they almost immediately die, owing, 
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' • • I ·I bin •· IP 'I liar in the water.-(Kennerly, in 
11111 mad ., on the 13th of September, 1859, says 
man~ dead salmon :floating on the 
umul t h, 1 • c1 • in full run August 1, 1857, in the salt 
, • l -iii< ul Lummi Island. 
II , p11r , • with red r ,,. ling freely in fresh water. 
19. LMO CAl\lPBELLI, Buckley. 
HH UED SPOTTED SALMON-TROUT; OHEWAGH. 
► 1 . ( 1 • _ .- 1•1 ,1,, · fish for the genus. Head, measured from snout. 
t•• ,Ii 1.,1 , · )l • , , 11 rc•1 lum, contained about four and three-quarter 
mu III t h · ul al I •11 •th; mea8ured from snout to nape, it is contained 
, .11 ti n hul l times. '\ 'hen the pectorals are smoothed backward 
!...,1 111 I 1• lu 11, the point of greatest girth is along a line drawn verti-
. 111, 11 . t 1 ... i ,. end ; from whence to the snout there is a regular curve, 
11 l· th() Ihm of the back is quite straight, the body being 
,u · ,. ,. 1111 u ... 1·11 lat1 .. r1, and tapering. Scales much smaller than 
1.1 i 1,li ·•, ·1 t. •. i ··ir,,,, Hibbons,of the same size. They are very deli-
, i , 11111 , • , i dd. · I ... ,i. ( ',1 udal, forked. Back and sides, low down, are 
1 «I ith pot (about two lines in diameter in a fish one foot long;) 
10 •· 11 ·,11 Ii,· lat,· ·· 11 line being of a beautiful rose-color; those above 
, ml , I ••· .1m-cc,1 111·,·•l or white. Tail forked. A small clump of 
t ·•· hon ;1 nt1.• · 1,' ,, t · ·u it. of the vomer as in the chars, or Salvelini of 
iJ III. 
D1 • NOSis.-Known from all the Pacific trouts by the red spots on 
Ji,·. d,. and whitish ones on the back. 
11 1 .. Dr. Girard described a trout sent by me from the Dalles on the 
( • uuabia i er. The specimen was very much broken, aud the d,escrip-
tw t. ue. I ha ·•, however, succeeded in identifying other specimens 
1 by Dr. Kennerlj from Puget Sound, by comparing these with the 
111 i I of the original typical specimen. 
Ill two of these fish in the Smithsonian collection there are two teeth 
on the bead of the vomer, and on each side, and two on the shaft. On.e 
pecimen ba<l 42 scales above the lateral line to middle of the back ; 
40 below the lateral line, and 156 upon it. 
Rays.-Br.. D.12: P. 17: V. 10: A. 16 : C. 20. 
Dr. Girard fh:"Mt described this trout, giving it the name of S. specta-
bilis, but which I ba,·e been obliged to change, as there had already been 
described by Valenciennes, in his Hist. Nat. des Poisea.ons, a species un-
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der the name of Salar spectabilis. I cannot recognize the genera Salar 
or Fario, for reasons which have been given already in detail. 
The salmon-trout of Puget Sound is a beautiful fish, varying in length 
from 10 to 24 inches. Its sides are profusely speckled with circular 
vermilion spots of about the same a.verage circumference as a smal! 
pea. On the back of the fish there are several rows of the same sized 
spots, of a cream color. This trout is said to afford much sport; it 
certainly takes bait greedily, ana would probab]y readily rise to the fly. 
They are found in the fresh waters from .April till near c·hristmas, but 
are caught most abundantly during the months of October and Novem-
ber. The Puyallup, Dwamish, and Lummi Rivers, during three months, 
afford good fishing near their mouths. As a table-fish, this species, in 
my opinion, considerably Slil.rpasses the common brook-trout, which is 
saying a great dea1. 
A species of red-spotted anadromous trout is found in the i;i vers of 
Kamtscbatka. According to Palla~ it is known to the Russians as the 
malma or golet. In many respects it resembles the present · species. 
20. SALMO HUDSONICUS, Buckley. 
HUDSON'S BAY TROUT. 
SYN.-Salmo h.udsonicus, SuCKLEY, notices of Certain New Species of N. A. Sal-
monidre: N. Y., Juno, i861. 
SP. CH.-Head contained five times in the total length of the fish 
Dorsal outline strongly arched, its point of greatest height being at the 
first ray of dorsal. · Head small and conica1. Mouth quite small. Teet,h 
small ; a few on the head of the vomer; ·none on its shaft. Two rows of 
teeth on the tongue. Tail broad, and usually barred. In some speci-
mens the bars appear to have faded out. Upper parts dark (bluish.J!), 
sides brighter, belly white. The whole fish quite silvery. Scales sma11, 
but larger than in 8. fontinalis. They are firmly adherent, and quite 
conspicuous. Fla.nks of ad ultR above and below the median line coY- -
ered with light spots about the size of peas-those in alcohol appP-aring 
as if they had been of a cream or orange color during life. 
Integument over first ray of pectorals of a Jight orange or reddish 
color; that over the next ray dark. Female nearly similar. 
DIAGNOSI s.-Would not be easily confounded with any Atlantic 
species except S. fontinalis, but has a smaller head, larger spots, and 
larger, more adherent, and thicker scales. . 
HAB.-Hudson's Bay and vicinity; (C. Drexler,) Labrador, (Elliot 
(}oues,) Newfoundland, (T. Gill.) 
Rayformula (of typical specimens,) Jar 3594, (Smit,h. Coll.) procured at 
Hudson's Bay by Mr. C. Drexler. 
Original No. 433.-Br. 12: P. 11: D. -10-11 °/: V. 8: A. 10. 
Original No. 168.-'----Br. 11-10; P. 11. D. 9-10,: V. 8: .A. 9. 
Severa! young trout brought from the North by Messrs. Gill and 
Cones were at fi~st supposed to be individuals of' the S. fontinalis; which 
·•t. 1 LMO HOSSII, Richardson. 
ROSS' .ABC'.1'10 SALMON. 
11tmoroa 11, r, 11. it . Hist., App. Roes's Voy., p. lvi;-IBID, F. B. A., vol. 
., 11 163; Pl. 80, PJ. ;; f. 2;-DEKAY, Zoo). N. Y. Fishes, p. 242. 
, dmo I" 11 ·/att1• , i , c, r. Cat. Fishes E. Coast N. A., p. 52. 
r. [Condensed from Sir John Richardson's description.] Form 
l • ,t 0 r, dorsal outline less arched than in S. salar. Head also 
l"l I •1 1n ·, i i lg" one-fifth of the length to end of scales on the caudal. 
obtmm; under jaw remarkably long, its tip having a small, 
m,·u1 ,l knob. [, o notch between the intermaxillaries for the recep-
1011 1 r hi knob. J Conspicuous pores on the sides of the face bones 
t , 1 11 a • Eye equidistant between snout and nape. Intermaxillaries 
l• 11 1 •·• along their whole margins. About thirty teeth on the tongue. 
/ ug/m mula.-Br.12-13; D. 13-0; P.14; V.10: A.11. 
y.. . Rm all-particularly on the back; nowhere tiled, each scale 
being surrounded by a distinct space of smooth skin. 
f u ,,· · .- Jack, top of bead, dorsal and caudal fins have a hue inter-
medial, between oil-green and hair-brown. Sides, pearl-gray, with a 
blusb of lilac and silvery luster. Near the lateral line scattered dots or 
spots of carmine. Belly varying from faded-orange to tile-red, and 
arterial-red. 
HAB.-Arctic Ocean, near the mouths of the rivers of Boothia Felix. 
There doe..~ not seem to be sufficient reason for doing away with the 
name first applied to this species by Sir Jno. Richardson. Besides, the 
comparison of one or two dried skins, of nearly similar species ought to 
be insufficient to condemn a name once established. 
This salmon presents peculiarities of great importance, which no red-
spotted trout which we have seen-or in fact, any other, in a collection 
of 30 species of American Salmonidre. Prominent among these may 
be mentioned the great number of teeth upon the tongue. The diagnosis 
between this species and others consists in the red-spots, obtuse snout, 
long under jaw, conspicuous pores on the face bones, the great number 
of teeth on the tongue, and the distinct space of smooth skin around each 
scale. All prominent and unmistakable characters. 
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22. SALMO HEARNII, Richardson. 
OOPPERMINE RIVERS.ALMON. 
SYN.-Salmo heamii, RICH. Franklin's First Journ., p. 706 ;-IBID., 1',aun. B. A. 
iii, p. 167 ;-DEKAY, Rept., p. 242 ;-GILL. Cat. Fishes E. Coast, p. 52. 
SP. Cn.-[Condensed from Richardson's des~ription.] Form somewhat 
similar to that of S. salar, the head rather larger in proportion. Eyes 
small, situated opposite middle of labials. Intermaxill;i,ries form a com-
paratively small portion of the margin of the mouth, and project some-
what. The lower jaw terminates in a small knob, (fleshy!) which is 
received into a depression between the intermaxillaries. Teeth subu-
late. A solitary tooth on• each side of intermaxillary notch. A few 
teeth on head of vorner, and a few stronger ones on the tongue. 
Ray formula.-Br. 10: A. 10. 
Caudal large and truncate with a slight rounding of the angles. 
Dorsal opposite ventrals. Between thirty and thirty-six cylindrical 
coeca. Scales firmly imbedded in a mucous skin, and very small. 
Oolors.-Back, olive green; sides, pale; belly, bluish; several longitu-
dinal rows of flesh-red_ spots on the back and sides-larger on the latter. 
H..A.B.-Ooppermine River, in Arctic America. Anadromous. 
23. SALMO ALIPES, Richardson. 
LONG· FINNED CH.AR. 
SYN.-Salmo alipes, RICH. Nat. Hist., App. Ross's Voy., p. lvii ;-IBID. Fauna. B.A .• 
iii, p. 169; Pl. 81; Pl. 86, fig. 1 ;-DEKAY, Report, p. 242 ;-GILL, Cat. 
Fishes E. Coast N. A., p. 52. 
Salmo stagnaliB, FAB., Faun. Gronl., p. 17~, (Rich.) 
SP. CH.-{Condensed from Richardson's description;] Form slender; 
dorsal outline comparatively straight. Head forms a little more than 
one-fifth of the total length; its upper surface convex, transversely and 
in profile; its cranial ridges prominent. Snout very obtusely rounded, 
receiving the knobbed extremity of the lower jaw iu a toothless space. 
A projecting cluster of teeth on the knob of the vomer, the shaft of 
which is smooth and toothless. Teeth on the tongue disposed in two 
rows-six on each side-which are fully as large as those on the maxilla-
ries. Pectoral, dorsal, and ventral fins very long-twice the ltmgth of 
the pectorals, reaching from the opercular opening to the middle of 
the ventrals. The ventrals, when turned back, almost touch the anus. 
Caudal forked. Scales small, thin, and adherent. 
Ray formul,a.-Br. 11-12: P. 15: D. 13-0: V. 9: A. 10 or 11. 
Lateral line formed of 126 scales, above which, at a point just anterior 
to the ventrals, there are 41 rows, and below 29, to the middle line of the 
body. . 
H.A.B.-Small lakes in Boothia FelJx. Probably visits ~he sea. 
''" ' ''""' -"-'•>OK. 
pp. Uo Voy., p. lvii ;-IBID, F. B. A., iii, 
1 J'I. , 111! , •J: l)g Y, Report, p. 242;-STORER, 
};. t :oaet, p. 52 • 
• 1 ·John Richardson's description.] Knob 
, '"i ·,•1 in notch between intermaxillaries. Back 
, , , h , c-11 :ii • in S. alipes, as are also many other 
·t , · t ,, , hich . ,,. sp. ch. of 8. alipes and "diagnosis" 
1 \ 1 •ri f Jlli' • · , , slightly longer than from snout to 
, i • • • 11 : I roundish. 
nlm , Oaptain Ross:) Body above the lateral line, 
111 u, to . ·,1 the bell;y, which is of a beautiful yellow-
• 1·1 i, · o the pectoral pin. Under parts white, slightly 
,
1 
, i 1 .. , • On the sides several rows of red spots, prin-
•t \\'Pt•n the lateral line and the yellowish red of the 
be largest being as big as a pea. Dorsal fin like 
du red, the anal paler. and the first rays of 
, 111' . and anals white. 
1,, t i,rmul,,-1 • 11-12; D. 14-0; P. 17; V. 10; A. 12. 
H 1. .' ; 11 I. 1 in Bootbia Felix. (Richardson.) 
I , • r ·.-In many characters this fish agrees with the 8. parkei, 
(uo,,· J found 111 Ii,· bead-waters of the Columbia, west of the Rocky 
Mount· ii . The latter has more brancbiostegals, and also light-green 
on t " I ,1r-l not noticed in the description of 8. nitidus. From 
• ,rfip 'ichardson gives the following distinctive characters: Body 
ti 1 •I _••• ,1h. 11 that of 8. alipes; belly more prominent, fins shorter, anus 
, r 1 .. , 11 ·. ; head less arched above and in profile; mesial ridge and 
L 1 · , I porous curves less prominent; no radiating lines above the orbit, 
hicb i proportionately nearer the snout; upper jaw shorter. 
Thi ffsb, the 8. alipe,, 8. bairdii, and 8. parkei, agree in possessing 
·Ii: 1-; • p • almost sufficient to include them in a distinct subgenus. They 
all belong to the chars, (subgenus 8alvelintu, of Nilsson,) but in addi-
tion ha an elongated, fleshy projection standing up from the point of the 
lower jaw, which is received into a toothless noteh between the premax-
illaries. They, in addition, have a mark common also to the 8. fontinalis, 
Mitchill; this is in having the first rays of the pectorals, ventrals aml 
ana1s yellow, red, or white. None of the black-spotted trouts, or sal-
mon, have these rays in color specially distinguished from those of the 
rest of the fin. 
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When we speak of color of the ray, we mean of the integument or 
membrane covering it. 
25. SALMO FONT IN ALIS, Mitchill. 
COMMON TROUT; BROOK TROUT OF THE .ATLANTIC OO.AST OF NORTH 
.AMERIO.A. 
SYN.-Salnw fontinalis, MITCHILL, Trans. Lit. & Phil. Soc. of N. Y., 1, p. 435 ;-
RICH. F. B. A. iii, p. 176 ;-KIRTLAND, Report, Zool. Ohio, pp. 169-194 ;.:-. 
THOMPS0N,Hist. Vermont;-DEKAY,N.H.State of N. Y.,Fishes, p. 235;-
AYRES, Bost. Journ. N. H:iv, p. 273 ;-KIRTLAND, Bost. Journ. N. H. iv, 
p. 305 ;-VALENCIENNES, H. N. des Poissons, xxi, p. 266, 1848 ;-STORER, 
Synopsis;-BIGELOW, Bost. Journ., vi, p. 49;-F0RSYTH, Bost. Journ., v, 
p. 412 ;-HERBERT, (Frank Forrester,) "Fish and Fishing ;'1 also, "Sup-
plement to the same ;"-GILL, Cat. Fishes E. Coast N. A. 
Salmo nigrescens, RAF. Ichth, Ohien, p. 45. 
Salnw erythrogaster, DEKAY, Report, p. 236.-(Red-bellied variety.) 
Baione fnntioolis, DEKAY, Rep. Fishes, p. 244, 1842. (A species founded on 
the young.) 
Salnw canadensis, HAM, SMITH, "Grif. Cuv., vol.10, p. 474, Pl. 41."-DE KAY, 
Rep., p. 243.-Storer Synop., p. 197. 
Salmo fario~ SMITH, Fishes of Massachusetts, p. 141. 
SP. OH.-[Mostly condensed from DeKay.] Body oblong, compressed; 
back, broad and rounded; head, sloping nearly symmetrically above and 
below; nostrils double; labials, interma4illaries and lower maxillaries 
armed with minute teeth; tongue with two rows of from four to six 
te~th; vomer, with six to eight teeth in a single row. Br. 12, 12. · 
Oolors.-Above with irregular dark markings on a horn-colore(J ground, 
which, in freshly caught specimens, give bluish and greenish metallic 
reflections; sides lighter, merging into silvery-white on the abdomen, 
but showing much: red in the spawning season; upper part of the head 
dark greeni~h-brown, with obscure mottlings; vermilion dots and large 
yellow spots in the vicinity of the lateral lin~. The pectorals have the 
first ray yellow or the second black, the remainder orange; ventrals and 
anal with first ray white as on the tips of second and third. Caudal red-
dish, with obscur§j parallel dark bands, more distinct toward the tips of 
the lobes. Caudal somewhat emarginate; quite forked in the young, 
which have also dark transverse bars on the sides. 
H.An.-Fresh-water lakes and streams from Canada to Tennesee on 
the Atlantic slope. Occasionally repairs to salt or brackish water if 
within· reach . 
.Among some fifty specimens or' this species of trout in the Smithsonian 
collection are individuals from' Eastern Tennessee; Preston County, 
Virginia, (Professor Andrews;) from the Potomac River; from various 
rivers and streams in Pennsylvania, New York, and the New England 
States, Lake Superior, and Canada. · 
Notwithstanding the great range of the species there is but little sign 
_ . D FISHERIES. 
\'11 LI 111: , h ·1 u 1 in color by change of posi-
11 ,, ·I r h i ·kish or salt water, to which the 
11 l I 11 I airin ~ · 1 •1 , • •t· 1ble. The more southern 
1 1 ;1 J,, , I ii lu ,. fr m T '{• Snperior and Canada are 
11 i , 1. 1 m la• 111 1 It . ta '"··• This must beowing to some 
1 11 • a mon · ,I •. The · ew Mexico specimens of 
· , il h II i, 11 collection show the same bleaching 
o, I l'l 11 11 ·:i litics. The 8. erytltrogaater, DeKay, 
1 1 n ta ., l ,ul ht h ti 11 , • l ·ith red <luring the breeding season. 
1, 111 t • •·.lme I l of the Middle States, where its capture 
., son i. one of' the most keenly-relished sports of 
,. au Ii r. It · weight rarely exceeds four pounds, and it is 
,,. , d, , r,, 1 1 1 one in Southern . ew York weighing more than three. 
' I • moun t. in 1 : 111 · which are thesourcesoftheDelaware,aret'avor-
ul ·1 11 • I r ·, where large numbers are taken without difficulty, 
I 1 11 11111 tumit • t i,,. are usually of small size. On Long Island much 
t : 1 • 11. There are there-especially on the south side-
ponds, where trout are carefully preserved and their 
u 11 g •111 •1 •·• uced to a specialty. Many of these ponds are owned 
) h· 1 ,., •. fishing clubs. Stringent rules exist against the clestruc-
m 11 • U : certain size, or the killing of more thau a limited 
111. ·• Probabl the finest and best preserved trout-pond on 
111 i I. 11 I, • • • l'L'l! Ua, belongs to William Floytl Jones, esq. The 
fl •r '.I'll t • ify to the excellence of the fi.8hing there, the large 
" 111 t lu fl I and the genuine hospitality of' the proprietor. John D. 
•J., 1 t his country-seat on the north side of the island, bas 
, • r. 1 ll r iftoial ponds in which, at the time of writing, (June, 1861,) he 
1 , l' l'' unenting in the artificial raising aud maintenance of this beauti-
ful 1 • ,. 
' l • following iutereating remarks on the habits ot Salmo fontinalis 
racted from a letter addressed to Dr. Storer, by I. B. Forsyth, 
r . published in the Boston Journal of Natural History, vol. v, p, 
1 . 
" The few observations I have to communicate upon the habits and 
I '1'1 1 liarities of the salmon-trout, were made during a residence of ten 
, 1 1 1 in Sandwich, Cape Cod, where the facilities for that purpose are 
abundant. 
'' It may be well to premise, that the distance, at this point of the cape, 
from one bay to the other, varies from five to ten miles, and the land is 
gradnally elevated from each shore, till it reaches the center, and con-
sequently the streams, for the most part arising from springs, are short, 
terminating in creeks upon the marshes. Many of these are of sufficient 
magnitude for mill-sites, and are therefore crossed by permanent ob-
structions; and hence it freqnently happeµs, in the short space of a 
quarter of a mile, you find specimens of both, as they are familiarly 
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called, the fresh and salt water trout. The following varieties in color 
and appearance have been obser,Ted : 
'' 1st. Those having the upper part and sides of a pale brown, gradu-
ally becoming less, so, till it terminates in white on the under part,. 
having a silvery appearance when .first taken from the water, and cov-. 
ered with small, dis-tinct smiles; the circular yellow and red spots very. 
indistinct; generally found in the marshy creeks, or in open streams,. 
w4ere the sun has free access. They are well fed upon. minnows and 
shrimps, having a plump appearance, and are the variety mostly sought 
after by those who desire the trout in its highest perfection, for the table .. 
They are taken mostly between the months of January and July. They 
vary in size from one-fourth of a pOlillld to four pomads; but I have nevei 
seen one to exceed two and a half. 
"2d. Those having the upper part and sides of a dark brown, having 
a dark-green appearance, termina.ting in white or orange underneath,.. 
and covered more or less with round yellow spots, with a bright. red 
center, color varying according to the l'?cation; and generally not so. 
plump and well fed as those above mentioned. 
'~3d. Those having the upper part and sides of either a liglit or dark 
brown, with spots more distinctly marked on the dark than the light; 
underneath, the color uniformly ferruginous or orange. 
" Each of these varieties is found both in the streams communicating 
with the salt marshes, and in those which are enthely cut off from them, 
by permanent obstructions. The first-named variety, how~ver, is no-
where found in so great perfection as in close approximation to the salt 
creeks. The difference between the salt and fresh water trout, in this 
vicinity, seems to be only in name, so far as I have been able to deter-
mine, with ample opportunities iii taking them, and with specimens 
before me. 
"The peculiarity of these varieties seems to depend entirely upon the 
location and the nature of the soil at the bottom of the 8tream they in-
habit. The first variety is found in clear water, with light gravelly 
bottom, and where the banks are not shaded hy shrubbery, but where 
they are almost constantly exposed to the rays of the sun. The second 
variety inhabits streams which are for the most part shaded by trees, 
or which take their rise in, or pass through, peat-bogs. Thus in one 
stream, the trout caught at the head of it were always of a very dark 
brownr almost black, highly marked with yellow and red spots, while 
those taken near the mouth of the stream were of a light ~olor. One of 
these st~eams arises from a. deep basin of dark water 30 feet in diamete 
and 10 feet deep, surrounded by a peat-bog, where fish ta~en, so far as 
I know, have been uni~ormly of a dark brown. In other streams having 
a bottom of iron ore they are uniformly marked with orange under-
neath, the color of the upper part and sides.appearing to depend upon 
the amount of exposure to the Emn's rays. These observations are made 
independent of any of the changes of color or markings which take 
place during the spawning season. 
W •1 I AND FISHERIES. 
lu . , t I :i · • found congregated together 
1 1 11 , n ·, come down the stream for the 
11 , 1 1 I ,. 111 1 1 • 111; r I ,. ·. where they can obtain 
th , 11 I • r 1 1 for number of years it was 
0
1 w 11.1 1· • 1111 during this month, and I was 
1 i ting for me within a few rods 
:1: bow many, but I would take 
• formerly taken in considerable numbers with a kind 
n , in tbe herring fisher~; but this mode of taking them is, I 
, .. prohibited h, legislation. They are now taken, for the most 
1 h line and hook, baited with minno\V, shrimp, or earth-worm; 
111 ,·: sous of the year, with the artificial fly, more especially 
iu Ju , I, ponds. Two other methocls of taking them have been 
,. , ,·Lt••l o in the small streams, both of which deserve a passing notice. 
he fi r. i by titillation, so-called; aud the second, hooking them up by 
1 lu· • 1 , l • tremit~, decidedly the meanest way of taking them. 
"The method of taking them by titillation is this: About the spawning 
t'l sou they are found, for the most part, in the small and narrow 
head treams, and seem more sluggish than at any other season of the 
. ·: 1·, · nd less inclined to take the bait. Having arrived at the edge of 
the stream the hand is carefully and gently passed along under the 
ban until it comes in contact with the ftsh, generally near the tail. 
"The titillation then commences, and the hand is made to approach 
1 ,. • the head till sufficiently forward to prevent slipt>ing through 
the fingers, when by a sudden grasp it is landed upon the shore, the fish 
remaining perfectly quiet during the process. This mode of taking 
them I have practiced in one stream three years in succession, and 
taken many fine trout. The unscientiftc mode of hooking them up by 
the caudal extremity is also practiced at the spawning season, when 
they are averse to taking the bait, a.nd where the stream is deeper and 
wider. The manner is as follows: A large-sized hook, made very 
sharp, is fastened to the end of a long straight stick or piece of whale-
bone. The fl.sh is then sought and generally found beneath the root of 
an old tree, or under the shadow of a log, with the head and part of 
the body out of sight; the hook is then carefully introduced near the 
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extremity of the fl.sh, and by a sudden jerk is inserted so as effectually 
to secure him." 
We also copy an extract from the Journal of the Bost. Soc. Nat. Hist., 
vol. vi, p. 49, a paper entitled "Observations on some of the habits of 
Salmo fontinalis. By Samuel L. Bigelow, M. D." 
"The following observations on the habits and peculiarities of a spe-
cies of Salmo were made in a comparatively short space of time, without 
reference to science, but merely as a source of pleasure to myself, and 
to •grati(v a natural curiosity. The pond in which these trout are found 
is situated at the base of the northeast ridge of the Monadnock Moun-,, 
tain. It covers an area, I should thin~, of seventy-five or one hundred 
acres, and is so deep about the center that soundings have not been 
found, though a line has been sunk 200 feet. It is supplied entirely by 
springs at the bottom, which is composed of red and white sand and 
rocks, so fal' as the depth of the water will permit of an examination. 
The water is always very cold, and so clear that the bottom may be 
seen in a bright day to the depth of 25 or 30 feet; and although there 
are neither inlets nor outlets, its height is nearly the same at all seasons. 
Its depth increases from. the shore, where it is only a few inches·, in some 
parts graduaJly, and in others rather abruptly. 
'' The form of the pond is quite irregular and has been fancied by some 
to correspond very exactly to the base of the mountain, which is close 
beside it. From this circumstance, together with its great central 
depth, has arisen a Jegend of its having been once fi.Jled by this mass, 
now a mountain, which was heaved out by some convulsion of nature. 
The southwest shore is more stony and less exposed than almost ans 
other, and here it is that the trout form their beds and come to spawn. 
Another natural advantage which this point possesses over others is, 
that here the change from shallow to deep water is quite abrupt, afford- -~ 
ing the trout a better chance for escape ip case of fright or danger. 
'' Their beds~ as they are called, are merely small cavities formed by 
the accidental position of three or four stones sunk to their upper sur-
faces in sand. Their capacity is gen~rally from a pint to a quart, and 
their forms are various; sometimes flat and shallow. They are most 
numerous within 10 feet of the shore, and in not more than 10 or 12 
inches of water. The trout having selected these Jittle cavities, clean 
them out with care, removing the finer particles of dirt by fanning with 
their tails and the larger with their mouths ; this done, they have a bed 
which they visit for a successive series of years, which will be longer 
or shorter, as they are µiore or less disturbed. An old fisherman pointed 
out to me abandoned beds on which he had in former years taken great 
numbers. They were on the south side of the pond, whence the :fish had 
gradually followed the · shore till the year before last, when they came 
up on the extreme southwest shore, where I found them. They remain 
in the deep water about the center of the pond during the entire year, 
except the spawning season, which commences about the 1st of October. 
· D FISHERIES. 
in " tt 11 this fisherman bas for 
fl , or seventy-five pounds 
il:i ' before he oould neither 
er, to be thus regular last 
• ,1oite warm and rainy, and 
ht I J , 1 or fifteen pounds during 
ti ,. in depth. This proximity 
1 1>proaching their beds, a.nd 
•, ,- ing too great a difference in 
•• 1 h• , •• , 1 \ • r 1• inhabit and the shallows 
1 , ,. 1 h . , u .i• , r I r J h,te appearance. But it was 
, i . :, • ., •· · t •I I ,. old fisherman to this doctrine; 
,,J I ,, , 1 aon th t • t 1 · had a wonderful sight of alma-
,t heir reckoning.' Having reached 
11 •· r natural cautiousness and shy-
• 1 1 •ii m I 1· object of their visit, endeavoring 
l11 I l•' •111,1 m upon till their ova are depos-
111 I •1 or \ iolent motion of one standing on 
it , , • t i • . 1· 1 uctantly retire a little distance, 
1 ,. h. t • 1 • •t urn. '·i, • males follow the females closely 
1 I hould think, about in the proportion of one 
•11u J,... ' ,1. in the habit of <listnrbing them 
11 1 1ll 1 , , 1 , und prevented thern to a great extent from 
· l1, i·. •111 1 t, to t•· wn; so they were c·ompelled to come 
111 , , ( 1n t• _ through with their labor undisturbed. In 
l I 1 1,. I, t h• (I.: before they began to spawn at night, 
• • 1, ing the ma!ils of ova ruptured, and a con 
, . · tending from the mass through the passage 
~ irhin the , ternal organs, which were very red 
, • p.1 wnh1 •_ ,.: son lasts, I think, for two or three 
1 , h · 1 r u• · · ri ,. · 1 0:d n to the deep water, where they ~an-
, 1 in the hrough the ice. Generally, in spawning 
no di t •nl . · in taking them with a baited hook ; but last 
•• 1 1 : i, , ing to their being late, and pressed to the perform-
• t t d ti , d 11 1 1 1 •. p888ed all kinds of bait and book untouched. 
1 U 1 - the on , bait used is the minnow ; but in October, it is 
t be gr888hopper, angle-worm, and artificial fly. These are 
n o. r u 11d ~ bnt I found that when they passed all these they would 
fl •u I ,l • 1 ·, d 11 to their own spawn, dried a little in the sun. Another 
•·an · of :.1 . ing them at this time is by a slip-noose of strong wire at- ' 
tached to the end of short ()Ole. This is passed over the tail or head, 
it matters little which, they are so careless at this time, and carried to 
the center of the body, when a strong and sudden pull will bring them 
t-0 the shore. Another mode of catching them is by means of a large 
hook attached to a short·pole and line. This is carried under the fish, 
and secured in the body by a sudden jerk which lands the fish on shore. 
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"Four hooks are sometimes nsed, bound together by the shanks in such 
a manner that the points are presented at right angles to each other. If 
these are droppetl among a number there is a chance of securing more 
than oue; and if a single fish is the o~ject, his chance of escape is made 
less. These are both easy methods. At this time they do not seize the 
bait with the sutlclenness of the common brook-trout; they take it calmly 
and retire deliberately like the perch. They vary in size from onequa.rter 
of a pound to five pounds; but those taken are seldom less than one 
quarter or more than three pounds. The larger ones are taken almost 
exclusively in the deep water, through the ice. The males are of a very 
brilliant and shining tlark-brown olive color ou the back. The sides are 
brilliant aqd silvery and are traversed by a longitudinal line and covered 
with very bright red and yellow spots. The lJAlly is perfectly white. 
There are some spots on the fins, but I cannot ay on which, nor if all 
are spotted, nor do I know the precise number of spots. The females 
are less brilliant than the males; the back is lighter and more dingy; 
the sides are less silvery, and the spots are fewer and less bright. Sev-
eral females that I took were of a yellow-brown color and darker on the 
back than on the sides, ·with a yellowish-white belly. They were mot-
tled and looked as if water-soaked. These trout, as a whole, were much 
more silvery and brilliant, and had more and brighter spots than most 
brook-trout. Their flesh is red, but not so dark as that of the salmon. 
There is but one other kind of fish found in this pond, viz, the perch. 
They live in an entirely distinct part from that occupied by the trout, 
and I think they are never seen or taken together. The perch are only 
about the northeast shore, which is quite rocky. The trout have been 
taken in this pond, as far as I could learn, from time immemorial, and 
formerly in so great numbers, to use the language of the old fisherman, 
as to 'ha\'e been fed by bushels to the hogs.' This is by no means 
the case at the present day." 
26. S.A.LMO IRIDEA, Gibbons. 
P A.CIFIC BROOK TROUT. 
SYN.-Salrno fricl<'a, GIBBONS, Proc. Cal. Acad. Sc. i, 1855, p. 36 ;-GHD. vol. x, P.R. 
R. Reports. Pl. lxxiii, fig. 5; Vol. xii, part 2, Pl. lxxiv. 
Salmo ril'ularis, A YRER, Proc. Cal. Acafl. Sc. i, 1855, p. 43. 
Salm· iridca, GIRARD, Pr. Acad. Nat. Sc. Phil. viii, p. 220, 1855 ;-Imr,. Pacific 
R. R. Reports, x, p. 321. 
E'ario stcllatu8, GRD. Proc. A. N. Sc.J Phil., viii, 1855, p. 219 ;-lmD. P.R. R. 
Report, x, p. 316 ;--SUCKLEY, (by oversight retaining the word" :Fario,") P. 
R. H,. Rep. xii, p. 346; also, Nat. Hist. Wash. Ter., 346, pl. lxix, figs. 5-8. 
SP. On. Ilead large, its greatest length measured to edge of oper-
cnlum, being contained about four antl a-half times in the total length; 
usually a double row of teeth along the shaft of the vomer; dorsal out-
line but slightly arched; tail strongly forked; lateral line about in the 
same plane as the centre of the eye. 
S. Mis. 7 4--9 
• 1 lDIISSIONER OF FISH AND FISHERIES. 
, · m ni,"!i olivaceons, with bright silvery reflections; 
• 1 •I , 1 bite; fins orange or red. Head and opercola pro-
I , 1, ,1 \\'i th round black spots, numerous to the tip of the snout, 
Jou , 11 , 1 of I he bead, above the eyes; the gill-covers scarcely as 
1 J or , t!Ularly spotted as the other parts. Back and sides 
l 1 1 I IJ t. 
ith black spots of irregular shape, some being star-
- shaped; more numerous and irregular near the tail. 
and caudal profusely spotted with oval. Scales firmly 
1>1 h 1 1 ·. -From 8. lezcisi by its large head, more slender form, 
n 11·, , 1' , , , n .Jes, more numerous spots, and more forked tail. From 
• · ·, i11ali 1. its strongly forked tail and spotted head; anal destitute 
rom S. ,naaoni by its small scales. (For further diagnosis 
1>ecies.) 
· reams along the west coast of California northward. The 
smnmary of specific characters was based on a specimen 
, •l Dr. _ . res, of San Francisco, as belonging to his species 8. 
· ,~ ri ; on a large specimen from Chico Oreek, California; on two 
, li n•·• l at the Dalles of the Columbia; and on one obtained from 
I I I • ml Uiver, Oregon. These have been selected as type speci-
11 11 out of a vast number from the same and intermediate localities. 
I h,· t , 11 brook-trout fonnd west of the Mississippi are distinguished 
Ju i 1 11 " ,. spots, the red spotted being either lacustrine or anadro-
1 mu , md therefore hardly coming under the name "brook-trout," al-
Ii ,11 1rh often ascending str~amlets to spawn. 
; , , •I ies of the S. iridea seem to prevail, as follows: 
variety.-In general shape and form resembling the type of 8· 
• folors pale, the fl.sh having a washed appearance. Spots ou a 
" 11 ,1 and dorsal faint. Half a dozen specimens were sent from San 
I ,1 r 1 • 1 California, by Mr. R. D. Cutts. The typ~ of this variety is entered 
n ~11 . < ntalogue Fishes, 507, labelled "variety lavatus." 
, j ""'' variety-stel'latus.-The star-spotted trout. This was d,escribed 
l 1 · nr. Girard aR a distinct species, under the name of Fario stellatus. 
of the specimens I have examined ha"Ve a double row of teeth on 
11 rnmer. It is principally distinguished from the type form of S. iridea 
I t greater profusion, size, and irregularity of its black spots. The 
, oung frequently show large spots, of a more regular roundish shape. 
It I be one of the effects of ag~ in the species iridea that the black 
. t•• fade out. The same seems to occur in individuals of the species 
descril>ed by us as 8. brevicauda. 
As a comparison of the relative Rize of the heads of the black-spotted 
trout seems to fumish valuable data for classification, the following table 
bas been introduced. Two sets of measurements are given, the one 
showing the number of times the length of the head, when me?,sured 
from snout to the scales at the nape, is contained in the total length. of 
tile fish; the other when the head is measured from the snout to the 
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farthest· point on the free margin of the operculum; and the number of 
times it is contained in the total length. 
Table shot0i111{1 the comparative size of the heads of the different species of Black-spotted trout; 
Head contained in total length of fish. 
~ 
0 -~ z ~ 
~ 
~ 




~ .s o · z ; 
592...... Sal.mo lewisi *...... Falls of the Mo. R. 
592...... Do. ...... Do. . .... . 
3326...... Do. . . . • . . Do. . •.••. 
3327...... . Do. . . • . • . Do. . ..... 
30-31...... S. virginalis; ..•... Fort Mass., N. M. 
3L-31. .• . . . Do. . .. . . . Do. 
30-31...... Do. * . . . . . . Do. . ..... 
30-31... . • . Do. . . . . . . Do. 
595...... Do. young. Utah Creek, N.M. 
595...... Do. ...... Do. . .... . 
595...... Do. Do. . .... . 
597...... Salmo iridea....... San Mateo Cr., Cal. 
597...... Do. ...••. Do. . .... . 
595...... Do. . . . . . . San Francisco .... . 
27. ... .. Do. (rivularis) San Francisco .... . 
594...... Do. iridea .. Chico creek, Cal... 
596...... Do. . ..... Humboldt Bay .... 




586 . ..•.. 
586 ..... . 
H ...... . 
i Do. Ft. Steilacoom .... . 
Do. . . . . . . F. Dalles ......... . 
Do. brevicauda Nisqua.Uy Creek .. 
Do. . . . . • . Cape ,Flattery .... . 
Do. •..... Do. . .... . 
Do. • . . . • . Puget Sound ..... . 
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* Typic.al specimens. 
~~@ §' 
~$1=~ 
i ~~-s s fil s A"b(,a ,c 
~;JH.s 0::, .$l ~~:Sa) 6 Q 
~-e<~J; & ,$ 'o ~:(+-'H Q 
5.25 Dr. Suckley. 
5 25 Do. 
5.20 Dr. Cooper. 
5.20 Do. 
4 50 Dr. Peters. 
4. 75 Do. 
4.50 Do. 
5.00 Do. 
4 50 Lt. :Beckwith. 
4 65 Do. 
4.65 Do. 
4.40 R. D. Cutts. 
4 .50 Do. 
4 liO Dr. Newberry. 
4.40 Dr. Ayres. 
4.25 Dr: New,berty. 
4.60 
5.25 Dr. Suckley, skin, 
P.mark. 
5 00 Dr. Suckley. 
5 00 Do: 
5 00 
4 75. Lt. Trowbridge 
4 50 Do. 
4 50 
4.75 
This fine trout upon the Pacific slope replaces the Salpio fontin(!;l-is or the 
delicious red-spotted brook-trout of the .Atlantic States, so much pri~d 
by both sportsmen and epicures. The fishing is very :fine in nearly all 
the rapid streams of the Coast and Cascade Mountains of Oregon. 
At Fort Dalles, 0. T., trout-fishing is good in April, May, June, and 
July. Many of the rapid snow-water streams descending from Mount 
Hood abound in delicious fish of this tribe. But all pleasures have 
their drawbacks, and in this region, after the sunflower blossoms in 
spring, Piscator must look sharply when :fishing, for other kinds of bites 
than trout-bites, namely, those of rattlesnakes. The great number of 
these infernal reptiles about Fort Dallas actually interferes much with 
the enjoyment of angling. These streams have another disadvantage; 
they are so thickly lined by cotton-woods, willows, and squaw-bushes, 
that it is very difficult to :find positions where the fly can be successfully 
cast. Where this can be done, the trout rise boldly, and take it greedily, 
and the fish themselves are active, plump, and delicious, affording good 
sport. Owing, as above stated, to the dense brush along the banks of 
these waters, fly-fishing is generally impracticable. The angler is there- • 
fore obliged to resort to "bait-"fishing, which, indeed, has its pleasures, 
too, as, " old Izaak " has testified. 
I.' .. J t · C1 >MMISSIONER OF FISH AND FISHERIES. 
1 ,. , ng-h· worms in Oregon or Washington, perhaps none. 
1,: · , 'l been able to find them there, yet they will proba-
, , , 1· introduced by civilization. (Introduction of certain 
, ,·., the concomitants of civilization; into new countri~ 
l 111 i•· •, 111 , is by no means uncommon. Examples of this 
1 • r - a •. J •a ·iu in his remarks on New Zealand ; vide Voyage,s of 
• I IJ I I . t.) 
1 1 11 ra. meat is a very good bait for these trout-the tougher 
r Iii' } .. 1 ; • 1 •1'11 ~r·1 ly used the meat of a crow, killed for the purpose. 
t, 11 combines redness and a rank smell with its proverbial tough-
• 11 important desiderata for " killing" bait. Grubs and the lar\·re 
p :.1 • ali;o good bait, but troublesome. When the fish are capri-
' ,, I .1 1; f'•p11 uently found good sport by trolling with one of the 
fi 11 · of' a fresh-killed fish. 
1 11 . d Soun,], iu the Yiciuity of Fort Steilacoom, the writer had 
1 l ' rt • .A much longer residence taught him the'' ropes" better; 
, rl , the rattlesnake was absent. Nearly every stream and brook 
in rout; all, except the salmon-trout, not yet described, of the 
1, > ·, 11 >ecies. Here we noticed many peculiarities distinguish-
i i Ii in habits from its Atlant.ic congener. Although fond of 
, i t , r, it seeks the more deep and less turbulent portions of the 
nt it • ven does not eschew perfectly still water. When a 
, w learned and practiced trout-fishing in those beautiful 
,f t u )elu.ware, the Beaverkill, and Willa-weemock, in Sill-
I •1. · , · Counties, New York. There the trout delight in 
t ·, . , ud if found below a violent rapid, or a waterfall, they 
u •ht almost always just outside the strength of the current, 
hnl no , 'J ; •. means are they fond of the still water, a little farther 
l • 11 • h . 11 , unless, indeed, the weather be v~ry cold; or if in 
Kumm( r, during the shades of evening, when they repair to the more 
]>lacid ' t •r, that they may the more readily perceh•e insects and other 
l11, tin food. Bnt in Washingt9n Territory the brook-trout seems more 
fond of moderate currents, or of places that are perfectly still, where 
t lii are well shadetl aml deep; and it is rare imleed for the angler 
t,, ha ·• ,..: od sport at the immediate foot of a rapid or fall. One of the 
I .•. ,1 t for trout-fishing in the neighborhood of Fort Steilacoom is a, 
. :nall t>ortioo of the stream running through " .l1el ville's claim," near the 
" ·, rri ment garden." This place is where the water of the stream is 
very sluggish, and almost choked up by lily-pads and grass. There 
are E l't' but few trees, and the brook only averages 15 feet in width by 
abon in depth. The space in which throwing the line is practicable 
is but of limited extent,certainly not exceeding 75 yards in length. Here 
one d} in August, 1856, we took twenty-five trout, the weight of the fish 
running from four ounces to a pound. Bait and flies were both used. 
Nearer the fort-e,·en within sound of its drums-there is a Rm all iso-
lated lake, without outlet, and fed by a small spring. Tliis lake be-
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comes almost dry in summer. It is full of trout; bow they ever got 
into it is a mystery. Here, seated on a half-submerged log, we haYe 
caught many a fine bunch of "speckled bellies." Flies do the best 
there, especially late in the afternoon, and until it becomes so dark in 
tlie evening that the angler cannot see his fly break the water. After 
this time, uuless he has artificial wh-ite moths, the fly must be put aside, 
aucl then the anal fin, or a piece of the belly of a fresh-killed fish, 
gently trolled near the surface, will frequently hook "big ones." 
Steibcoom Creek, below-" Chambers's Mill," is.an excellent place for 
trnut in Jannary, February, and March. He.re the waters rise and fall 
with the ti<1e, nll<l are fresh, brackish, or salt, all within the space of 
half a mile. Tile writ.er has there cauglJ t several male trout, weighing, 
two hours after killed, over two pounds each. The two largest ,vere 
killed in I·\•.brnary, 1854, with a large, unnatural, gaudy salmon-fly. 
Fish of large size are rarely taken in tliis place later tllan ltfarch; after 
that tliey are replacCll by vast quantities of small ones, rarely exceed-
ing 7 inches in lcngtll, which, although excellent for the table, certainly 
afford no sport. 
Although there are other good spots, such as the Turn water Falls, near 
Olympia, Clark's Ureek, near the Puyallup, and many more that could 
Le mentioned, the writer will confine himself now to the consideration 
of but one more good fishing-ground, and then bid the geographical por-
tion of tlle article good-bye. This last place is McAllister's Creek, situ-
ated allout eleven miles from Fort Stcilaeoom, and nine from Olympia. 
It affords the best trout-fishing we know of in the Territory. Perhaps 
there are no more fish here tllan in many other similar water-courses in 
the ncighborhootl, but it has the advantage of having good banks, only 
moderately shaded, from which casts c~m readily be made. The best por-
tion of the fishing-ground extend:,:; from the old mill-site to a point about 
three qnarters of a mile below. This is all subject to tide iufluenee, but 
the watl·r j:-,; fresh for the greater part of the tract, and even at the lower 
end is lrnt :-;lightly brackish at high water. The best tim~ for fhihing in 
thi:,, creek commences about an hour and a half before high water, and 
lasts three-fourths through the flood-tide. In one day's fishing in Octo-
ber, 18,iG, tlw ·writer caught, at this place, thirty-eight :fine trout the ag-
gregate ·weigltt of which, six hours after death, was fifteen poundA. The 
bait used ou that day was principally salmou-roe, one-third drie<l., but 
we have frerincntly taken many fisll, in the same place, with artificial 
flim;, grass1Jo11pe1·s, meat, and moHt of tlle other onlinary allurements. 
To such of our rea<lers as may probably comlemn the uni'portsman-like 
praetiee of fi.-,hi11g with salmon-roe, meat, or grasshoppers-to those who 
have no patience with any other mode of trou_t-fishing, except by the 
scieutific whippings of an artifieial fly-we mnst apologizA by saying that 
onr only fly-rod was irretrievably brokeu, our flies were gone, and it was 
uearly a thoui-;aml miles to the nearest fishiug-tackle store. 
In the sti:eams near Fort Steilacoom there are probably many iu-
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,h 1 1 1 11 brook-trout which will weigh as high as three or four pounds; 
hn1 ,, in .., to the want of tackle, &c., already alluded to, the writer was 
1 • , •t nnate enough to secure any fish that exceeded a trifle above 
t •, o ponnds. 
( , • peculiarity about the northwest trout is, that the fish remain in 
,ro , ◄ 1 condition for the table until near Christmas, at which time they 
~,• ... in , spawn. On the contrary, the trout of the Middle and New 
En:.: urul States spawn during the months of September, October, and 
.· ovember, and may scarceli be said to be in good condition between 
t i,. 1. >f September and the lstof February, being, <luring the inter'1al, 
I •:m, flabby, and insipid. 
The black-spotted brook-trout of the north west is by no means de-
1, •11 , it upon occasional access to salt water, although he seems to avail 
him "1 · >fits invigorating effects when practicable. 
In a lake near Bellingham Bay, and also in Chiloweyuck Lake; trout 
-.r this pecies or its relative, the bre·vicauda, are said to attain a weight 
o • ten or tweh·e pounds ; and in the latter lake according to Lieut. D. B. 
11'1 ibben, of the United States Army, the common weight of tbe fish 
ht will scarcely fall below three or four pounds. 
27. SALMO MASON!, Suckley. 
MASON'S TROUT. 
\ . . -Farlo clarkii, GnD. [non Salmo olarkii, RICH.] Vide Proc. Acad. Nat. Sc. 
Phil., viii., p. 219, 1856; also P. R. R. Rep., Gen. Rep., Fishes, vol. x, p. 314, 
l'I. lxxi, figs. 5-8. 
·, l mo 1na1Joni, SucKLEY, Pacific Railroad Reports, vol. xii, p. 345 ;~Inti>. 
at. Hist. Wash. Terr., 1>, 345. 
SP. Cn.-Hea<l forms nearly a fifth of total length. Dorsal outline 
well arched; back dark olirnceous; sides silvery; belly white; the 
hole sprinkled with small irregular spots of black, which, however, are 
more faint than in S. iridea, as if the coloring matter was placed deeper 
below the surface; scales large; tail forked; upper fins and tail spotted 
DI nNosts.-It may be known from S. iridea by the absence of red 
pa ·1 •. also by its fainter spots, more convex dorsal outline, and 
l. ••· • · : t' , nearly double in size to those of the iridea. From 8. bre-
ti .,, 11,l't the diagnosis is more difficult; but in the latter the scales are 
·. loose, and the tail more encroached upon by them. 
ll.A.n.-Small streams entering into the Columbia. This fish may 
prove to be simJlly a variety of S. iridea, which, beyond a doubt, exists 
in the waters of Oregon and Washington Territories. 
Dr. Cooper caught in the Katapootl River the specimen (No. 582) 
from which Dr. Girard drew his description of S. c;l,arkii, and upon 
which the description of the present species is based. The S. clarkii of 
Richardson is a very different fish, probably an anadromous salmon. 
The habits of this fish are almost precisely similar to those of S. iridea. 
Ou the 13th of August, 1859, Mr. Gibbs obtained a trout on the Ska-
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git River which we have referred to S. masoni. The total length of this 
:fish was 12.75 inches, and the distance from snout to dorsal fin 5.75. 
"Oolors.-Back and sides above lateral line sprinkled with small spots 
of irregular shape, black on the back, on the sides blu,e, with a black 
edge behind. Behind the anal spotted below the line. Sides, as far 
back as anal fin, .with a broad streak of lake-red. Dorsal and caudal 
spotted with black. Back, dark brown, approaching to black, with blue. 
reflections. Belly, yellowh,h-red. Head partly spotted above, on the 
snout and on the preopercula. 
"Head, short and blunt. Tail, slightly lunated. Another specimen 
bad small specks along the belly,. and the colors were lighter, with more ' 
red. . 
"Much larger specimens were taken, but the meat in every instance was 
white. Mr. Gibbs obtained a :fish, apparently similar, from the waters of 
the Sunilkamun, flowing into another basin; but this had red flesh, and 
lacked the broad streak along the sides. [This latter is probably an 
effect of age or sexual excitement.] The lateral line was red."-Gibbs' 
Mss. 
Two species of trout were taken in the mill creek, east of the Colum-
bia, at Fort Colville, through the ice. One, with red flesh, is known as 
the ltumiillna, and is the larger-( S. gibbsii ') the other is the peestl, and 
is the common black-speckled brook-trout. ".A.gain," Mr. Gibbs re-
marks, '' the Indians say that the Peestl has the dashes of carmine under 
the jaws which the Humaana lacks. They also say that it is the male 
:fish which has a reddish tinge on the belly." * * * On the 2d of 
April" found the Indians at the crossing of the Little Spokane taking· 
the HumiW,na in small numbers. .A female had the roe entirely de-
veloped." 
28. SALMO VIRGIN.A.LIS, Girard. 
UTAH TROUT; SOUTHERN ROCKY MOUNT.A.IN TROUT. 
SYN.-Salmo (Salar) virginalis, GRD., Pro. Acad. Nat. Sc., Phil., viii, 1856, p. ~~20 ;-
IBID., P. R.R. Report, vol. x., p. 320 ;-SucKLEY, Appendix Rep. Fishes, 
Nat. Hist. Wash. Ter. 
SP. Cn.-[Drawn from a large number of specimens in the Smithsonian 
collection.] Body rather slender; dorsal outline but slightly curved; tail 
broad and but little cut out; black spots on sides of body and on back; 
posteriorly somewhat stellate and numerous; anteriorly scattered, dis-
tinct, and round; top of_ head unspotted; anal fin spotted with black; 
extremity of maxillary extends to a vertical line drawn from the posterior 
rim of the orbit; anterior inargin of dorsal neare·r the extremity of the 
snout than it is to the insertion of the caudal. 
Oolors.-[Taken from living specimens by the writer.] Ground color 
of the back pale brown, tinged with red, sprinkled on back and sides 
with small black spots, most numerous and irregular posteriorly; anterior 
half of the body, with those spots scattered sparsely, and quite round 
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• • , ,l. j .J nal-fin spotted, pied chin, patches on thecerato-hy~ls. 
· 1 • I 
I 
t• J •. iii, Pacific Railroad Reports, vol. x. (Part embracrng 
1 m J, ••·kwith's Report.) 
• ·lH 1 la 1 1 Rocky Mountains, Utah, New Mexico. . 
, , , r ·: From Sabno leicisi. See text relating to the latter species. 
1 




•. , , • dark spots on the top of the head, the profusion of which in 
it , ion iu S. iridea being a notable feature of the species; the 
. 
1 
l ,, 1t·, large, round, black spots on the anterior portion of 
1
11 
, • • heir distinctness and regular shape distinguishes them from 
,1 , Iii ,,.' 'numerous spots of the latter species. The tail of this species 
i ll t I lul is nearly even at its fore margin; that of an adult S. iridea 
1 ,nll for l . ,1. 
•nt from Santa Fe, N. M., preserved in the Smithsonian col-
lo slight variations from those received from Northern New 
, i c LI i und Nebraska. It agrees with the S. v-irginalis in many 
•1 1. •l •r ; in fact, in all essential points, such as the dorsal profile, 
j;,, , I •·1 compared to body, &c .• &c., ancl in general plan of colora-
t ·. however, a brighter or more silvery-looking fish; its <lark 
pu . mu lier and less uumerous. 
J, • (,imrd irst described this species from a young trout sent from 
a tributary of the Rio del Norte, by Lieutenant' ·seek with. 
of the Salnw virginalis occurs in Lake Utah, a large sheet 
w It · about fifty miles south of Salt Lake City. The fish are less 
u those caught in the mountain streams near by, and attain 
· m1 larger size. They ascend the Timpanagos River for spawning 
pm pr • • ; at the proper time, according to the accounts of the Mormons, 
it he la .. simultaneously in great numbers. They are said to be 
n ·• 110- ly seen a yard in length. A friend-Lieutenant Williams, of 
1 · 11i •cl States .Army, caught one of this kind in the Timpanagos, 
1h 1 1• ·1 miles from the lake, which weighed seven pounds. i myself 
1 a · • 1 . t t smaller tlsh in the same stream, which varied considerably 
I rom , · · caught on the eastern side of Bear Mountains. 
Jn t l11 Smilhsonian collection two fish, obtained by Oaptain Simpson, 
l ni • 1 Sta~s Army, seem to be of that variety. They are simply labeled 
., trom tah, aud appear to have been salted and dried before being 
brown iuto alcohol. 
I II this -,tl'i• t or kind we will, for the present, apply the provisional 
name ot' Salmo utah. 
c HARACTERS.-Highest point of convexity of dorsal profile rather 
anterior to the same on S. virginalis; scales appear somewhat larger, (but 
this may be more apparent than real, owing to the insufficient material 
for comparison;) appearances of fish more silvery, spots much smaller 
iu size an<l more irregular in shape; iu other respects resembling S. 
-virginal is. 
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In 185!) the writer crossed the continent Yia Salt Lake. In the course 
of this jonrney many notes were made concerning objects of interest in 
nature, most of which, however, are~ from force of circumstances, neces-
sarily excluded from these pages. 
None of the 8almonidw were found along our route on the eastern 
slope of the Rocky Mountains; but in most of the streams of Utah, more 
e1;pecially mack's Fork, near Fort Bridger, Weber River, and the Tim-
panagos, (flowing into Lake Utah through Provo Cafion,) the Salrno 'l'ir-
ginali.r.;, a very handsome trout, was J l ntiful. In its habits and. general 
appearance it much resembles the brook-trout of the :Middle State~, ( S. 
fontinaUs.) It is abundant in Black's Por , from which, on the 25th of 
August, we caught half a dozen, and on the following day a,bont forty, 
with the artificial fly, to which they rose exactly in the manner of their 
more eastern relatives, and greedily seized, like unsophisticated fish, as 
they were, scarcely learning caution or timidity until pricked once 'or 
twice by the alluring and deceitfnl bait. Probably but few artificial 
flies, if any, have ever before been cast on those waters. One speci-
men, about 10 inches in length, aught with a red-hackle, was selected 
for examiuation and description. ln general outline it was, perhaps, 
slightly more stout than the brook-trout of New York, (S. fontinalis.) 
The curve from the nose to the anterior insertion of the dorsal fin was 
very regular. The anterior point of insert.ion of said fin was but slightly_ 
in front of a point at the middle of a line drawn from the tip of the 
nose to the insertion of the tail. 
Colors.-Ground color of back, pale brown, tinged with red; spotted 
above the lateral line with small spots of black, which were but spar-
ingly distributed anterior to the dorsal fin; a few spots of the same col-
ors were also found on the opercula and on the top of -the head. In 
,-;hape, the Rpots anterior to the dorsal fin were nearly round and quite 
Hmall; those in the vicinity of the same fin, but farth'.-'r back, were 
f-ltelJate, hut slightly larger, and those posterior to a vertical line drawn 
from the auus were much larger, more numerous, and quite irregular 
in form, somewhat resembling those of S. stellcitus. Anterior to the anus 
there were scarcely any spots below the lateral line except near th~ 
head, where there were about half a dozen; posteriorly, however, they 
were e(prnlly rnuncrous both below anu above. 
The graeral 1-;tyle of the spots, their size and distribution in individu-
als of tldl-i 1-1pecirn4, are well dis1;laycd in the i gnrc given in Volume x, 
Plate lxxiii, li'ig·s. 1-4. Indeed, in the markings, spots, &c., of this spe-
d cs, I 110tice<l gwat uniformity in all the specimens observed. The color 
of the dorsal, adipose, aud caudal fins was the same as that of the back, 
but thickly stnddcd with oval and roundish spot·s of black. The pre-
vailing redcfo.;h-hrown color of the back extended to the nose, but was 
of a slightly different shade on the head. From the median line of the 
hack it extended down tl::.e sidei-;, filling up two-thirds of the space of 
the lateral line. The silvery-white of the belly was separated from the 
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1 ;1 Liint golden band, of irregular width; 
1 hi , · •1~cl · from the iris to the base of the tail.] 
1 .r , , , r. 11 1,l• ·, golden bronze, with several round-
1 p 111 I •r , of the size of a pin's head. The un· 
I ,. 1 t ,, I, their external rays of a deeper color. 
11, 1111 11 about one-eighth of an inch in width, were 
..... , .... , ... t, ti .. 1 ·011 the chin to a point opposite the middle of 
, ,1 , 11 ,. 'I I d in ,, , white, like the belly. [The vermilion bands 
• i . f normally in all the specimens seen of this spe-
11 al .o in other species, for example, the S. stellatu3 
, , ,] l'I r I di w·, · but slightly emarginate. Angle of mouth 
, , 1 1l• (b1·l,, , ) l posterior border of the pupil. 
t 111,. I , 1, 1,1 Ii . Fort Bridger trout, when freshly taken, were 
J; 1 nu • ith bright reflections; the scales are somewhat 
•1 t I • 11 I , . , I . fontinalis; the point of greatest girth being 
i1 . of pectoral fins when stroked back. Upon inquiry 
, ,1 ,,. rned that 17 or 18 inches might be considered 
z•· in tho., waters, and out of forty or :fifty :fish it is rare 
1 I in length. 
11 ·i in Ii•· Timpanagos River appeared, upon careful examina-
1.t, 1 t 11•u l \\'ith that of Black's Fork, but much larger. They 
• ,,u •t , n<l deep waters of Lake Utah, from whence they 
11, 1.1r:, ~11 at certain seasons of the year. A friend there 
t , n , 1, . •l, one trout which weighed some:five or six pounds, 
, ) :, nd 11 • 26 inches in length. T4ey are said to grow 
1 1 111 , 30 i 11• • in length, and are an active, fine :fish, afford-
111 , m 11 1 ,01 to the fly fisher, and a delicacy to the epicure. 
h, , l t i · 1 of . '1• >tember last, we caught three trout from the same 
, o of tl 1c•. •· were of good size, weighing from 1! to 2¼ pounds, 
n 11·•· i I, • 'I 11 , · rose freely to large, dark hackles, but refused gaudy 
11 Ji rl •·,I l'• l fl i,1 ·• Owing to poor flies, which had been in our pos-
, .11 years, the whipping of the hooks having shrunk so 
I • • r • «•,1 ily pulled off, we caught but these three out of many 
Ii t Ii t jumped at them. The stream was excellently adapted for 
,, 1 • in ' t I fly, nd abounding in :fish of :fine size ancl quality, was :fit to 
1 , ition in an angler's paradise. 
'I trout of eber Uiver seemed to vary from those of Black's Fork, 
h ha ·in• the lower fins much more tinged with yellow. The stomachs 
1 I all, hen examined, were found to wntain insects, such as wasps, 
beetles, ants, &c. 
W · are inclined to beliel"e that the geographical range of the species 
extends to the west as far as Gravelly Ford, on the Humboldt. Speci-
mens were examined which were caught at Deep Creek, one hundred 
and fifty miles west of Great Salt Lake. Approaching so nearly to the 
trout of all other places in general appearance, and trout-like habits so 
peculiar and unmistakable, we cannot refrain from again expressing 
entire want of faith in the so-called genus Salar. 
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29. SALM:O LEWIS!, Girard. 
LEWIS'S '.l'ROUT; MISSOURI TROUT. 
SYN.-Salmo lewuii, GRD., Pro . .Acad. N. Sc., Phil., viii, 1856, p. 210 ;-IBID., P. 
R.R. Rep. Fishes, vol. x, p. 29;-SU(JKLEY, P.R. R. Rep~, vol. xii, 
p. 348, Pl. lxxi. [By mistake written(" Salmo salar lewisi.") The 
. "sala1·" would have been stricken out had the author read the 
proof-sheets;] IBID., Nat. Hist. Wash. Terr. 348, pl. 
Salm· lewisi.-GIRARD, in both the works already quoted. 
SP. CH.-Body somewhat thick; back well arched; head compara-
tively small, being contained a little more than :five times in the total 
length of the fish. Ground color 0£ the upper region olivaceous; of the 
lower, yellowisb-whi~e. The back, peduncle of tail, with the dorsal, adi-
pose, and caudal fins, are profusely sprinkled with stellate and irregular 
b]ack spots. The belly and lower fins are usually unspotted. Tail 
somewhat notched. 
:Young.-Resemble the young of S. virginalis. 
DrAGNOSIS.-Salmo lewisi, Grd., is known from 8. virginalis, Grd., 
by its smaller head; the greater dorsal arch; its more deeply-notche~ 
tait; that of S. virginalis in the adult being nearly even; by having the 
top of the head profusely spotted with black, and by having a different 
arrangement or plan of spot markings. The black spots are smaller, 
more numerous, more irregular in shape in this species than in S. virgin-. 
alls, there being scarcely a well-rounded spot posterior to the middle of. 
dorsal fin. The spots on the tail are more numerous, but not so large. 
The hues of this species are darker, and it is a stouter fish'; its scales, 
.also, are larger. For comparative measurements of the head and body 
see table. 
The young of this species and the 8. virginalis are very similar, and it 
is only by a comparison of adults that strong diagnostic marks present 
themselves. From Salmo iridea, Gibbons, this fish may be known by 
having larger scales; a much smaller head; dorsal outline more arched; 
head less spotted; fewer spots on body anterior to a line drawn from 
origin of dorsal to same of ventrals. These spots also are more sym-
metrically round. Those near the tail are very irregular and resemble 
in shape those of the S. iridea. The tail of this :fish, although more cut 
out than that of S. virginalis, is much less forked than that of S. iridea. 
Adults of the latter, of one foot or more in length, show strongly-marked 
forked tails. A good example of this is shown in specimen 59, sent from 
Chico Creek, California. From other species of black-spotted trout the 
diagnosis can be made up by reference to their descriptions. 
HAB.-Both slopes of the Rocky Mountains, north of the South Pass; 
head-waters of the Missouri, (Dr. Suckley, Dr. Cooper.) Southern 
tributaries of the Yellowstone; Black Hills, Nebraska, (Dr. Hayden.) 
Clarke's Fork of the Columbia, (Dr. Cooper, Mr. Gibbs, Dr. Kennerly.) 
KootenayRiver, (Dr. Kennerly.) Specimens have been received from all 
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11 i 11 1 1 Smithsonian collection. Dr. 
, I • mo , f 860, ., specimen of trout from the 
Uiu 1 , · 1 1 1 I· 11 , (west slope of the Rocky Moun-
i II pw 1 . rn t ..i : 1 r wt • 1 from two specimens of ~- le~isi 
1 h 11 , 1 the l\1i88ouri, in Nebraska. This gives 
1
,. 1,1 bl extending as far westward as the 
1m .• ,:,• and other rivers of the western 
- Dr. Cooper from the Spokane River, above 
I ~· characters of this species, and partly of 
•llatus. It may be a by brid between the two. 
1•11 tly distinct from either species to warrant 
i to a new name. Toward the Lewis trout the 
1 11 ;1 11 ordinary interest, having probably the honor 
, t h' species ever taken with the -artificial fly• 
, 1 1 l, c 1· so below the Great Falls of the Missouri, 
horseback ride of thirty miles on purpose 
1 , 11 I ·r , istence bad been indicated by Lewis and 
, ' h:1 ing caught black-speckled trout at the falls. I 
f,111 ill I jumping readily at the fly, and taking bait 
1 1, r ,•1 1 • pound appeared to be the average weight, 
, ii, 11 1 ·1 ls of much larger size are found. Two of my 
· sent to the Smithsonian, and were ren-
' ·1 a from them Dr. Girard based his origi-
rill " ist in the collection, numbered 520 in the 
LMO BREVICAUDA, Buckley. 
SIIORT-TA.ILED TROUT • 
... ..,..,- ._ .... ,. , ,,, l• ·• , 1111,,, , , KU , Notices of Certain New Species of North 
nu 1111111. ;1 Jmon11 ,1•. ew York, June, 1861. 
, l I r " · nd . 11 nder; its dorsal outline from a point oppo-
1 ,. 11,, 11·1 ,., in of theoperculum being nearly straight. Scales 
1 hi, ,ind gh · • 11 ing with metallic lustre; very loosely ad-
. c: ·Ld upon the tail for nearly a third of its length, 
· n t appearance. The peduncle of the tail is wide for 
l • body, and the caudal itself is somewhat short and 
1 11 1 o • rllong, but not deep. Dorsal and caudal fins freely spotted 
it 1 • • I bl. ,. spots. Body marked with small stellate and irregul~r 
1.1 - 1•)t · tl,1•1 r number and size varying greatly in different individ-
uals. There are usually two rows of teeth on the vomer. The head is 
contained nearly five times in the total length, which rarely exceeds 
eighteen or twenty inches. The tail appears shorter than it really is 
by reason of the great distance upon it that the scales extend. 
DIAGNOsrs.-U pon a comparison of adults this species may be readiJy 
distinguished. from S. iridea by its long, slender head an<l body, its appa-
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rently short, narrow tail, and its thin silvery scales, so easily detached. 
HAB.-Obtained from the waters of Puget Sound and the streams in 
that vicinity by Drs. Kennerly, Cooper, and Suckley. 
This trout aboun<ls in the fresh-water streams emptying into Puget 
Sound, and are not unfrequently caught in tide-water. It is known to 
the Nisq a allies and-Puyallups as the kwusptl or skwuss-puttl. 
Mr. Gibbs obtained at Skagit River Rapids J aly 29, 1858, a small 
salmon or trout which the Indians said' did not go to salt-water, called 
by them tsee-tseh; white beneath; back, grayish-olive. Its length does 
not exceed 10 iuches. 
31. SALMO GIBBSII, Su~kley. 
OOLUM~IA SALMON TROUT; GIBBS' SALMON. 
SYN.-Farw _tsuppitch, GRD., in Proc. Acad. N. Sc., Phil., viii, p. 218, 1856 ;_:_ 
GR.D., Rep. on Pishes, U. S. P. R.R. Surveys, p. 318, 1858. [Non 
Bal mo tsuppitch, RICHARDSON.] 
S. ,qibbBii, SuqrtEY, Annals N. Y. Lyceum, 1858;-IBID., Nat. Hist. 
Wash. Ter., p. 332;~Inm.,P. R.R. Repts., xii, 332. 
Black-11potted Salmon-troltt, Lewis and Clarke ;-Shooskines of the 
W alla,-Walla. 
Figures.-The typical specimen of the present species · is :figured as 
F. tsuppitch, in P. R. R. Rept. Fishes, vol. :xii, PI. lxi:x;. 
SP. Cn,-:--Body el~ngated, compressed, fusifor.m in profile; dorsal outr 
line but slightly arched; snout rounded, the jaws sub-equal; maxillary 
greatly curved, dilated posteriorly, and extending in a vertical line 
passing slightly behind the orbit; anterior margin of dorsal nearer the 
extremity of the snout than to the insertion of caudal fin; colors of 
the head and back, in the fresh specimen, rich, dark olive-green, pro-
fusely dotted with roundish black spots, the scales in certain lights 
showing bright silvery retf.ections; sides below the lateral line are 
usually unicolor, of a yellowish-white; inferior fins unspotted; tail and 
upper fins yellowish olive, profusely spotted _with ro~nd and oval 
spots of black, each spot being from one to two lines in diameter, and 
completely isolated from the others, not confluent, as in some other 
species; caudal fin moderately lunated, not forked; head, small; teeth, 
smaJl and very numerouE!, especially on the labials; length of the full 
grown adult rarely exceeds two feet. 
HAB.-The Columbia River and its larger affluents. The sp-ecies is 
not anatlromous, but remains in fresh water throughout the year-so say 
the Indians. . 
In the typical specimen of this species (Smithson. Cat., 940) the length 
of the head, taking the extreme distance from the tip of the snout to 
the farther margin of the operculum, enters six times in the total length 
of the fish. Its length from snout to nape is containPd nine times in the 
same. In its affinities this salmon apvears in structure nearly related 
•.'ft;, ,t,, r ,, but its head, compared 
1. • 1 :..; , r. It has, also, a persistently 
1 
, · 1 1 ings being more numerous. The 
;I II • 
11 t t 11 l I have been obtained since the 
•11. , ,1,1. , therefore, be pardoned for re-
l, 11 1 L 1,le-more especially, perhaps, because 
, , , 11 , , II the useful information concerning this 
,,11 to • · i-.t the field naturalist, who neces-
th bim but a limited library. "The typical 
t l , 11·, ,~ ng description is based is a single 
11th , ian collection, Oatalogue, No. 940, that 
I , p t' · •ut describer at Fort Dallas, Oregon, 
· known to the Walla-Walla Indians as 
1 t bl' the name of te-kwan-eek. 
p l!tmcn for the 8. tsuppitch of Richardson, 
, I 11 1 ng to that species. Upon his atten-
m u I , discrepancies between the account 
, h I ri l ,,n , I 1 • 8. tsuppitch and certain character-
' 1 t Dal , . he at once coincided with me in 
di i , . 1, According to Richardson, the 
r LI 1 111 caudal fins destitute of spots and 
J , 11 h 011 the contrary, bas the tail but mod-
• , 1 t , • aull the dorsal fins and tail are pro-
' h L· i>rominent differences, besides many 
l 1• 1 ii,, · 1 • sufficient to settle the question 
,, •it- ; and ·t no recorded description seems 
, tt1 11011, i 1 111 , presented as a new species, un-
, 1 m ,,.tu .·, , in l, 0 11111 of my valued friend George Gibbs, 
1 hw • • ,. • uulary Oommission, and for many 
111 ,,t \' ' ,l 111 11 • on I•, 1111, . To Mr. Gibbs, more than any 
I ,, 111 i ,tl • ◄ "t for rare specimens in all branches of 
n I " p ·1 .1 1 for information, aid, advice, and eucour-
' J' •u II ing 111 •lucidate the history of the Salmonidre 
l . a11 • I during the winter and early spring months, 
J, ':..• n. I t is also found, dnring the summer, in the 
, and other rivers emptying into the Columbia. In 
1 i. I obtained a fine specimen of a fish resembling this 
" 1 • JU · , one of the tributaries of Lewis's Fork. Its 
I • Ii i ' , >d to I ' table, and the size renders it convenient for culinary 
pnr1>0., , a. ir ,-.1 ... t. •· 1•1l fi , "" or six pQunds. 
1 ~1 indi idu: have a broad reddish or blush along the sides, com-
mencing at t li · middle of the opercula, and extending to near the base 
of the tail. This band is apparently subcutaneous, and may exist only 
in individuals not in prime condition. 
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~athan Olney, esq., long a resident at the Dalles, Oregon, writes that 
this species does not go down to the sea, but that the Indians take it all 
the year round, except during the coidest weather in winter, and then, 
perhaps, because they do not fish for it. He adds that he has eaten 
them as late as December and as early as February, and thinks that if 
they do go to the sea, they "run" all the year. 
32. SA.LMO SEBA.GO, Girard. 
THE SEBA.GO TROUT, 
SYN.-Safow sebago, GRD. Proc. Acad. Sc. Phil., 1853, p. 380. 
Salmo gloveri, GRD. Proc. Acad. Sc. Phil., vol. vil, p. 85, May, 1854. [De-
scription of S. gloveri based on the young of S. sebago.] 
Salmo gloveri, HARRIS, Proc. Phil. Acad. Sc., 1858, p. 136. 
SP. OH.-(Based on three specimens in the Smithsonian collection.] 
Male.-Head contained nearly four and a half times in the total length 
of the fish. Pectorals quite long, reaching to a line perpendicular 
to a point about half an inch anterior to first ray of the dorsal. Gape 
line of mouth much arched. Point of lower jaw armed with a conical 
flesh knob, projecting upward. Sides o{ the body, principally above 
the lateral line, covered profusely with large black spots, of roundish 
and irregular shapes, and occupying from three to five scales. The largest 
black spots on the fish are those on the operculum and pre-operculum. 
Lower fins and tail unspotted, and of a bright color, bordered with 
dark, (as seen in alcoholic specimens.) Free margin of tail handsomely 
crescentic. Scales very large and adherent. A row of teeth on the 
tongue, and another on the vomer . 
.Fema,Ze.-(Specimen about 17 inches long.) Spotted much as on the 
male. Caudal more furcate. No fleshy projection from the chin. 
Young, (S. gloveri, Grd).-A.ccording to Dr. Girard, have a few small, 
reddish orange dots in the middle, of the black spots. These seem to be 
wanting in the adult. The color in the female is uniform silvery-gray, 
darker on the back and head. Subquadrangular or subcircular bla~k 
sp·ots are observed upon the sides of the head, behind the eyes, along 
the back and half of the flanks, also on the dorsal and caudal fins, to 
near the edge. In the male the same colors exist, but spread all over 
with a reddish tint, more intense on the flanks and beneath than on the 
head, back, and dorsal, and caudal fins where the red is sometimes but 
faintly indicated. 
HAB.-Lakes in the "southern part of the State of Maine," Union 
River, Maine, Saint Croix River, Passamaquoddy Hay. 
DliGNOSIS.-From the young of S. nama;ycush and S. siskowet, by the 
presence of its black spots; also by the crescentic-shaped extremity of 
the tail-that of both of the other species being strongly furcate. This 
species, however, when not full grown, has a forked tail ; that of the 
female is more so than that of the male. The young S. sebago may 
"i D r I HERi ES. 
f , , .. 1 } Jl'I' salmon and trout on the 
• t bl· •,. spots aml coarse scales. 
1 iu , ,, long. The young of this 
11'1·i1, • 1,, Mr. Girard, iu 1854,. and 
1, 1 comparh~g the types of both, thAir 
1 . 1 , , •n , r h·, t I have not the lea..1;Jt hesitation in 
.• m-·••· m of ', lmo sebago~ Grd. Three speci-
" • • , , ithsonian collection-male, female, 
i 11 .i let ,, to the Phil. Aca.d. Sc., (accompanying 
1 1 , . 1· :Ile l t 11 8. g'loveri,) read June 23, 1858, giv-es 
1 it i• 11 •• 11 1 ru ing the species, of which he had taken 
11 ( ~ 1 tJ Lake, on the western branch of Saint 
11 m in moderate quantities lower down the 
t 11 ~ Lew r-.· Island, which are of a darker 
Iii •d , ith I w-dust from the mills, the fish lose 
n,l 1 . -,. the appearance of having been 
; t 11 1 , fl.sh, too, are always in a poor con-
• ,,- ,r_. Ii •1 t ,. • i .. , •. , by those who :ue acquainted with 
• n 1 ·••h confined to the waters of the Saint 
t • o l 1; · 11· 11· • 11ul th •1 r lakes, in fact confined almost 
, . 11 111· • 1 )II: h I ; and it is only on this trip that I 
1 1 It.· it1 • h1 ·1 taken .. a variety in three small 
nt, ,i I · • r · ,int Croi and into Passamaquoddy 
, ail , · l t,, 1 r. t in , as fournl in Union River, would 
1 1H·1· '.it 1 • to travel in the salt-water before enter-
i t '., 1 1J ,, fo · , 11· lty certain that they ar~, as far as 
• r ,. , n, ·, 1 •I to the .1t ·1. of the Sa,int Oroix, and streams of easy 
t l,1 · , Ir ,rn by •:1, They i ppear not to be known in New Bruns-
of I he small lakes alluded to, which empties its 
i,L · of the river. Mr. Perley is said to be unacquainted 
c- 'Pt from report. • • • • 
r,n 111•1. be said to run from one to :five pounds in 
, . - rare to ke fl.sh of a size intermediate between t.he 
lv · red spots, and those of the size of these specimens," 
, 1 r -fhh, nffording fine sport to the fly-fisher, I doubt whether 
it h:l•" i • u· l •>n this continent. with the exception or the true salmon. 
Its stren (rth t nd · . · ity are surprising; when hooked it will frequently 
make · 1 ••• .• ·,ion of leaps, two or three feet clear of the water. It is 
most • 1 i . taken with the fly in more rapid waters abo¥e the dam, at 
the fo , of , rand L1ke, which has been made for the purpose of running 
logs. Th· are rea lily taken while the gates are up, but as soon as. 
they are closed and the waters. become still, they decline the fly, but 
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-will still take the bait. At this time it is necessary to fish below the 
dam, where there is still a very rapid current, from leakage and over-
flow. The brook-trout, S. fontinalis, is taken in the same water~, and, 
in the stiller waters above, a large lake-trout, there called the togue, 
which differs from the Sa,lmo con.finis of the northern lakes, by having 
a more deeply forked tail like the S. si8kowet of Lake Superior." 
Mr. Harris there makes some interesting remarks on the peculiar 
deformed appearance which the jaws of certain salmons present during 
the spawning season. 
33. SAL:~fO KENNERLY!, Suckley. 
KENNERL Y'S TROUT; CHILO~YUCK RE~ SALMON ·TROUT. 
SYN.-Salmo kennerlyi, SucKLEY., Notices of Ce1·tain New Species 'of Salmonidre. 
New York, June, 1861. 
SP. OH.-Male: The hea.d, measured from snout to nape, is contained 
about seven and a half times in the total length; when measured from 
the same point to extreme edge of operculum it is contained but four 
and three-quarter times. The point of greatest depth of bo<ly corre-
sponds to a 1ine drawn from the back downward, about midway between 
the tips of the adducted pectorals and the anterior insertion of the ven-
trals. The tips of the dorsal and ventrals when flattened backward reach 
the same imaginary vert.ical line. Adipose dorsal commences at a point 
nearly opposite the origin of the last ray of the anal-the tips of both 
flus extending backward equally far; tail strongly forked, its free mar-
gin somewhat waved. Snout somewhat turned up, the lower jaw pro-
jecting slightly beyond the upper. A single row of teeth along the 
anterior half of· vomer. Teeth on the premaxillaries rather strop.g. 
Size of adult rarely exceeds 10 or 11 inches; body comi)l'essed laterally, 
its greatest depth contained four and a quarter times 'in total length. 
Do.rsal outline strongly arched, from the nape, the ridge being some-
what sharp. Curve of belly from origin of \"entral fin to that of the 
last ray of the anal very sharp; from thence to the caudal the upper and 
lower borders of the peduncle of the tail are almost straight and paral-
Jel. General color red, dingy along the back, paler on the sides, and 
fading to pure white on the belly. Small, irregular, black spots above 
the lateral line. Pectorals bluish, their tips slightly grayish. Dorsal 
and ventrals red. Tail slightly spotted. 
Female: Jaws more equal. Snout curled up. Length about the same 
as tha~ of male, but the depth of the body is not so great, neither is the 
sharp, bump-like ridge on th~ back so· apparent. 
Oolors.-General color red, but slight.ly darker than the male. In other 
respects the sexes appear to agree .• 
DIA.GN0SIS.-The Salmo kennerlyi can be readily recognized by its nar-
row, deep body, red colors; the back spotted with blac-k, and the 
sharply forked tail. 
S. l\1is. 7 4--10 
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IIA.D.-Ohi ow • nck Lake, near the Fraser River, (Dr. KennerlJ.) 
Nut "' •, l pit-knn U.. (~Ir. Gibbs.) This interesting specie..~ was first 
obt.1 inec.l · I C 1iloweyuck Lake, near the forty-ninth parallel, antl but a 
short d i la11ce from FrasPr River. It has seemed proper to name a fish 
so well marked and so distinct from any other known American species 
in honor of Dr. C. B. R. Kennerly, (its discoverer,) uaturalist to the 
orth I', Boundary Commission, whose lamented death, while return-
ing home after three years uninterruptedly spent in exploring the 
wilderness, bas already been alluded to in the early part of this report. 
The full-sized figure in the plate was taken from a male specimen in 
good preservation, now in the Smithsonian collection. This has 25 rows 
of scales abO\?e the lateral line (counted just anterior to dorsal fin,) 24 
below the line to middle of belly; 155 on the lateral line aud its fin 
formula as follows: P. 17: D. 10: V. 11: A. 17: C. 21. In different 
iudividuals the branchiostegals vary from 12 to 15 on a side. One fe-
male bad 12 on one side and 15 on the other. Mr. Gibl>s't~ specimen from 
the west of the Cascade Mountains seems to differ only iu size from those 
obtained at Chiloweyuck Lake. It is now in the Smithsonian collection, 
· · o. 2006 l\Iuseum Catalogue, fishes. 
Dr. Kennerly, in his notes and journal, gives the following items of 
intert st conceruing it: 
''August 16, 1859. 0/tiloweyuok depot : When we returned from our 
morning expeclition, Lieutenant McKibben had been up to old Camp 
Chiloweyuck, anc.l in the small stream near had seen vast numbers of a, 
small sp~cies of red salmon, and had caught many. They doubtless 
ascend to get out of the way of the ohewagh, who feed upon them. A 
chewagh, weighing 9i pounds, caught by the party to-day, had two of 
these small salmon whole in his stomach." 
[N0TE.-Dr. K. must be mistaken about the cause of the appearance 
of this fish in such situations annually, as the S. oquassa and various 
other species ha\"e the same habit when about to spawn.-S.] 
A,igust11, 1859. Lake Okiloweyuck.-To-dayCaptaiu Woodruff and my-
self took several men with us, and went after the small salmon mentioned 
by Lieutenant McKibben, yesterday. In a short time after reaching the 
small brook spoken of, we had rare sport, killing one hundred and eighty 
fish. Considering these sufficient for our present wants, we ceased-and 
returned home. A Skopaalitch Indian calls the kind tsi-mia, and says 
they are common in Swheltscha and Pekosie Lakes, and that they never 
descend into smaller streams, and never go to the salt water. They are 
said to last but a short time, and disappear entirely after the arrival of 
the kowhuts. At another date he adds: "I believe this fish is peculiar 
to the Cbiloweyuck Lake, where it makes its appearance, about the 
10th of August, at the mouths of all the small streams emptying into the 
lake. They are then found in immense numbers; so numerous are they 
that they may be caught with the hand. They are followed by the che-
wagk, or large salmon-trout, who feed upon them. They try to escape 
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their enemies by crowding the most Hhallow brooks, where they are easily 
t,akeu with a hand-net.. The Indiam, here call them tsi-niia. About the 
J..st of September they disappear quite suddenly." Again he writes, Sep-
tember 1: '·Have been fishing as mmal, arnl with good success; caught 
a sa,lmon-trout, or chewa,qh, (S. campbellf,) with hook and line, which 
weighed eight ponnds. The little red salmon baye nearly disappeared, 
and those left are tnrning white, undergoing the same change ,vhich takes 
place later in the season with the kowkuts." KcnnPrly, (in mss.) 
34. SALMO W ARRE~I, Snckley. 
W ARREN7S TROU'l'. 
SYx.-Srdmo ·11'Cll'l'<'-ni, SccKLEY. Notiees of Certain New Species of N. A. Sal-
mouidm, New York, June, 1861. 
Typical spccimcrn, 2070, 2073, in S1:1itlrnonian collection of fishes. 
SP. Cn.-[The largest specimens examined by the describer were not 
oYer 10 inches in length. They may have been immature individuals of 
a larger amulromous species, but were labele(l "trout" by Dr. Kennerly. _I 
Dor~al outline strongly arched; its convexity rising suddenly from the 
uape, awl attaining its height at a point near a line drawn perpendicular 
to the lateral line and touching the tips of tbe pectorals when flattened 
backward along the sides. Head rather broad; muzzle somewhat coni-
cal; jaws equal and rounded. The eyes hcueath plane of lateral line. 
Opercnla and pre-opereula spotted with miunte spots of black. JS-n-
merons stellate and irregular black spots, rnan,r of which are quite faint, 
as if obscured by the thickness of the overlying scales; belly white; 
haek bluish or greenish; dorsal fins and tail spotted; scales small, (but 
mueh larger than in 8. font-inalis,) compact and very adherent; when 
glistening in certain reflections, giving an enameled appearance to the 
fo;h. Tail forked. 
DIAGNosrs.-See text be.rond. 
l-IAB.-vVaters of Fraser River, British Columbia, near Chi1owe_yuek 
depot. Dr. Kennerly. 
Dr. Kennerly sent home six specimens of this salmon from Cbilowe-
ynck depot. They are handsome anu silvery, appearing as if fresh rnn 
from the :-;ea. 
The description was drawn from Dr. Kennerly's specimens already 
spoken of. The largest of these was about 9 or 10 inehes long; the 
smallest not quite G. In none were the uark bars of youth visible; so 
I have not been disposeu to consider them the young of a larger spe-
cies of auaclromonH salmon, although their silvery appearance would 
ineliue to that conclusion. They seemed to be more compressed laterally, 
aud to luwe greater comparative depth than individuals of the species 
known as S. iridca, Gibbons; or of the S. masoni, Suckley. The thick 
glistening scales-obscuring to a certain extent the numerous black 
stellated sr,oti:i beneath-serve as another point of difference between 
this fo;h ancl S. iridea, (8. stellatus, Grd.,) in which the scales seem thick, 
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autl 1be black markings very apparent. This salmon is named in honor 
of . J. arren, esq., the Secretary of the Northwestern Boundary 
( ·om mission, as a slight acknowledgment of the great and oft-repeated 
kindness " ith which he has facilitated the operations of the naturalists 
ot' the expedition. 
Except the word "trout," on the invaice, Dr. K. has left nothing re-
corded upon the habits of this fish. 
35. SALMO BAIRDII, Buckley. 
DAIRD'S RIVER TROUT; RED-SPOTTED ROCKY MOUNT.A.IN TROUT, 
'YN,-Salmo bairdii, SUCKLEY, Notices of New Species N. A. Salmonidre, N. Y., 
June, 1861. 
SP. CH.-Drawn from two skins of adults in the Smithsonian collec-
tiou, one 8ent by Dr. Kennerly, the other supposed to have been sent 
b;y Lieutenant Mullan, U. S. A. Head contained about five times in 
total length ; 1mout having a deep notch between the extremities of the 
premaxillaries, receiving a conical fleshy protuberance that projects up-
w nrd from the chin. Teeth strong, hooked, and very uniform in size; 
two rows on the tongue; from two to four on the front of Lhe vomer; 
none on its shaft. [In one of the specimens examined, a single accidental 
tmrnll tooth was found on the shaft of this bone; on the other, none.] 
Sit t·. of the body beautifully spotted with rose-colored spots, of the 
Hi.ze of small peas, of which there are numerous rows. Nostrils double. 
Tail broad, and but moderately lunated. Scales small. Anterior rays of 
the pectorals, ventrals, and anal, broad, and the skin upon them colored 
yellowish-red as in 8. t'onti-nalis. Attains the weight of ten or twelve 
pounds. 
DIAGN0Sis.-This trout being a red-spotted fish, is not likely to be con-
founded with any species west of the Rocky Mountain divide, except 
the S. cmnpbelli and S. parkei. From the for1iler it may readily be dis-
ti n~rnisbed by the great number, separation, and regular roundness of 
the red spots, and by lacking the cream-colored spots on the back, and 
al • below the line of red spots which the chewagh ( S. campbelli) has. 
The tit-like flesh protuberance at the chin and corresponding notch 
above are also wanting in the latter species. From S. parkei, it may 
be known by lacking the pale-green spots on the back, and by its 
smaller head. 
H A.B.-Clarke's Fork of the Columbia, and its tributaries. This beau-
tiful species, a specimen of which Dr. Kennerly obtained in September~ 
1860, at Camp Kishenehn. It was caught in a mountain torrent, coming 
down from the main divide of the Rocky Mountains, and emptying into 
the Flathead River. At the same place several others were killed, ap-
parently working up to spawn. Upon examination the fish soon proved 
to be undescribed. Its size and beauty induced the writer to name it 
after Spencer F. Baird, of the Smithsonian Institution. 
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It has many characters in common with the S. fontinalis, Mitcbill, 
or common brook and pond trout of New York State. The color of the 
skin upon the broad anterior rays of the under fins, the red spots, 
small scales and general style, are very similar. But the different shape 
of the mouth, the notch between the intermaxillaries, the great size, the 
larger number of red spots, are sufficiently diagnostfo. 
The two speeimens of this fine trout which we possess vary somewhat 
in their branchiostegals and fin-rays, as follows: 
(Typical.) Br. 14: P. 13: D. 13: V. 10: .A. 11: O.-Dr. Kennerly's 
specimen, No. 2010. Br.13: P.14: D.11: V.10: A.10.~One supposed 
to be from Lieutenant Mullen, No. 2011. · 
36. SALMO P ARKEI, Suckl~y. 
P .A.RKE'S R1VER 'l'ROU'l'. . 
SYN.-Salmo parkei, SucKLEY, Notices of Certain New S11ecies Salmonidre, New 
York, June 15, 1861. 
Green Bpeekled-back trout. .A.itkBt, of the Kootenays. 
SP. OH.-Head contained about four and a half times in the total 
length; its top flat; muzzle, pointed. Tail forked; unspotted. Ba-0k 
dark-green, spotted with spots of lighter green; sides spotted with red. 
Scales adherent and about the size of those of 8. baird-ii. A disposi-
tion toward the formation of a fleshy "tit" projecting upward at the 
point of lower jaws, with a corresponding notch between the premaxil-
laries. Superior maxillary reaches to a point considerably behind the 
eye. Branchiostegals 13-14. The anterior· rays of the lower fins are 
covered with a differently-colored skin from that of the rest of the fin, 
as in S. fontinalis and S. bairdii. Two teeth on the outer extremity-of the · 
vomer, behind which from one to three on the shaft. 
DIA.GNosrs.-From S. campbelli it differs in lacking the cream-colored 
or whitish spots along the back, by its large head and turned-up knoh 
at the poi)).t of the jaw. From S. bairdii it may be recognized by its 
l~rger head, which is contained but four and a half times in the total 
length; that of S. bairdii being contained fiv·e times; also by its more 
deeply-notched tail, antl by the presence of the pale greenish spots on 
the back. 
H.A.B.-Kootenay River, Rocky Mountains. 
"A specimen of a, young male aitskst was taken Ap!!il 6, 1860. Back . 
lighter than olive:green; reflections silvery; beneath, white. Sides with 
light flesh-colored spots, nearly round; those on the back are of a very 
pale green. Length, 21 inches; head, 5; to end oflateral line, 18.50; to dor-
sal, 9.25; to ventral, 10.25; to anal, 14.50; to adipose, 15. Ta1l moderately ' 
lunated, having a spread of six inches. The body elongated and slender ; 
head very long ; mouth large, with thick ''lips;" all the fins dark-colored. 
It is said to be found in the lakes of the Upper Columbia, Kootenay, and 
Clarke's Fork."-Gibbs. · 
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37. SALMO OQUASSA, Girard. 
BLUE•BAOK LAKE-TROUT; THE OQUASSA TROUT • 
• -. ,Imo oquassa, Gno. Proc. Bost. Soc. Nat. Hist., vol. iv, p. 262. (Read 
hefor 1• rhe sociti~ Octobtir 20, 1852.) 
'p. r1. [Condensed from Dr. Girard's description, and the examin-
:1hon of ,j, li t specimens.] Length (of full grown adult Y) from 8 to 10 
111 •h,1 • Body subfusiform, slender, graceful. Head proportionally 
1•1:1 11, conical. Mouth smaller than in S. fontinalis, from which it 
al , differs in the structure of the opercular apparatus. Fins 
1•1.11• l in the same relative positions as the latter, but larger, excepting 
lu adipose, which is considerably smaller. Margin of the caudal some-
' hat forked and undulated. Scales much like those of the brook-trout, 
l ut larger. Lateral line similar in both species. 
flolors.-A bluish tint extends all along the back from the head to 
I P 1: il, so that when seen from above the fish appears entirely blue. 
:lil,· aml abdomen silvery-white in the female, and of a deep redd.ish-
onm 1• in the male, spotted in both sexes with the same hue as the 
lt<I 1111·11. Dorsal and caudal fins brownish-blue, bordered with pal~-
,r 111 .,., in the male; the pectorals, ventrals, and anal of a fiery-orange, 
1 11· iHh-blue at their bases, and margined with white. 
HAB.-Moosemegnntic Lake, Kenebago River, Lake Oquassa, Maine . 
... •· · mling to Dr. Girard this is a lake species, of great delicacy and 
111 ,mh . It is found on Lake Moosemeguntic, malilng its appearance 
I >Ill he depths about October 10, and, coming·near the shore, ascends 
ti 1i r1,rn• >ago River in shoals. Half a mile from its mouth the Kene. 
l : '' > receives the outlet of Lake Oquassa. The trout there leaves the 
Kenebago and enters Oqmu~sa Lake, where its voyage comes to a close. 
r · the middle of o,·ember it returns to Moosemeguntic, and is not 
, 1r in ~(•P n till the following year. It is known to the residents of that 
1 • •ion as the blue-back. . 
I>r. Girard adds the following remark: "The flesh of the fish is highlY 
I.. ,., · ·•1 ind more delicate than the brook-trouts in Europe and America,., 
I 1 • 1 hies that of S. wnbla, of the Swiss Lakes, both in the peculiarity 
habil · and its delicacy. Salmo umbla is a lake-trout, an inhabit• 
a n t •f the deep, making its appearance near shores January and Febru-
:i •·. t 1 -. 1 ' wn, and ne,·er ascending the brooks or rivers, tributaries of 
lhe lab . . 
T TNOSIS.-From S. glm:eri, by lacking black spots; by its smaller 
~mah· . From S. /untinaii.s, or the common brook-trout, it can be distin• 
g ai -.lw•l by the uniform color of the back; its unspotted fins, (tail in-
1 lu<lt,1 ;J slightly larger scales; small, conical head; slender body; small 
size of the light spot~ along the flanks, and by the colors, as given. 
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38. SALMO NAMAYCUSH, Pennant. 
MACKINAW TROUT; GREAT L.A.~ TROUT. 
SYN.-The Narnaycush salmon, PENNANT, Arct. Zool. Suppl., ii. p.139, 1792. 
Salmo amethystu,s, MITCHILL, Journ. Acad. Sc. Phil., v:ol. i, p. 410; DE-
KAY, Nat. Hist. State of N.' Y., Fishes, p. 240, Pl. lxxvi ;-STorum, 
Synop. 1846, p. 193. 
Salmo namaycush, RICH, F. B. A., vol. 3, p. 179, Pl. 79 ·and 85 ;-KiRT-
LAND, Report on the Zool. of Ohio, p. 195.-Boston Journ. N. Hist.; 
1842, iv, p. 25, Pl. 3, fig. 2 ;-AGASSIZ, L. Superior, p. 331, Bost. 1850. 
Salar namaycush, V ALENCIENNES, Cuv. & VAL., H. N. Poissons, xxi, p. 
348, 11'48. 
SP. Cn.-lDrawn up from DeKay's description and the examination of 
specimens iii the Smithsonian Institution collection.] Body robust; 
dorsal outline moderately arched. Lateral line nearly straight. Scales 
small, oval, adherent. Head one-fourth of total length. Nostrils double; 
co1~tiguous muzzle somewhat pointed. Mouth large. Jaws strong~ in the 
male, (when worn out;) the upper are longest, the lower having a conical 
point at their tip ; jaws and tongue with a· single row of teeth on each 
side; vomer with but a single row. Teeth strong, sharp, translucent; 
in the breeding season showing a beautiful amethystine_ color at their 
bases. Dorsal fin nearly in centre of fish; its height sliglltly longer than 
base. 
Ra,ys:-Br. 12: D. 12-14: P. 15: V. 9-10: A. 11-13; Pectorals low 
down, pointed. Caudal strongly forked. Length from 2 to 5 feet. 
Oolors.-Dark or dusky brownish-gray above: chin and under parts 
light-ash or cream-color. Back and sides specked with numerous irregu-
larly-shaped spots of lighter gray, brown, or soiled-white. Lower fins 
slightly yellowish. · 
Dr.A.GNosrs.-From S. siskowet, by its pointed snout and chin; by its 
more deeply-forked t,ail; by the difference in the style or pattern of its 
markings; its larger size and larger head, which in. this species is con-
tained four times in the total length, ~hile that of the siskowet nearly 
five. In the specimens examined by'the writer, the teeth of the namay-
cush appear to rake backward more. From all other lake-trout it may 
be distinguished by its great size. 
H.A.n.-Lake Huron, Lake Michigan, Lake Superior, and, according to 
Richardson, all the great lakes which _lie between the United States and 
the Arctic Sea; but never found in tidal waters. 
Only two specimens* of this fish are contained in the· Smithsonian col-
lection-both young, the largest about 20 inches long. These possessed 
a few teeth in a cluster at the anterior extremity of the vomer, and then 
a few scattered in a single row along its shaft, for half its l~ngth. But 
a single row of labial ~eet~. Sir John Richardson mentions a double 
* Full collections at date of publication. 
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1 iue I th, but may have been deceived by their alternate 
anl Ofl l)Osite sides. Single rows of vometine teeth will thus 
, ,, , t . appearing a8 it' double. In our humble opinion the 
, 1, ,11•t - i ,I' bu little importance. We have dissected trout which 
1 , • mmreu t L, identical in every other respect, taken from the same 
., 1, rnd I.ii •I• 1 from the same locality, some of which bad single, some 
on I,• ., ml others incomplete double rows . 
... 111 Uog to Herbert,(" Frank Forrester,") from observations of his 
own in he region where they are found, out of hundreds of specimens 
w h w , he i w, none weighed less than 17 or 18 pounds, and many as high 
n : • Sir John Uicbardson quot.es Dr. Mitchill as his authority, that 
orw had been caught weighing as high as 120 pounds. It is rare, how-
•· 1•1 , to find them weighing over 50. Herbert (vide Supplement Fish and 
Fishing) .. , "The average of this fish is fully up to 20 pounds," and 
•1,, 1 · ,~ Tbt• flesh of this fish, as an article of food, is exceedingly bad; it 
1-. coarse, flabby, ancl at once rank and vapid, when fresh, if such a 
combination can be imagined." Again, he says, "When salted and 
Knw ~,. , or preserved in salt-pickle, it is somewhat better, though not at 
.1 11 1 •1ual t.o its sister fl.sh the Siskowitz." He believes that neither fish 
•; n be taken with the fly or the spinning-minnow in trolling_;· and that, 
it' •· 1· taken in either of these modes, or with spoon or squid, it is con-
r· to their usual habit, ancl may be considered a freak of the fl.sh, and 
one of Ko rnre occurrence as to render it a very unprofitable attempt for 
the angler to caulea vor to take them by any of these modes. This 
opinion wa given after repeated inquiries'' among Indians, hunters, and 
· , 11tiflc anglers on the lake." 
t Lake Superior they are taken in vast number~ through the ice. 
Strong lines Home 50 feet in length are used, each having attached three 
or four baited books, so that it is not uncommon to capture two or more 
trout at a time. Suckers and other small fish form their ordinary food. 
•. ' are said t.o be a very voracious fish, but not an active fish, unless 
hookf'<l. 
Herbert says: "A coarse, heavy, stiff rod; a long and powerful 
oiled hempen or flaxen line, on a· winch, with a heavy sinker, a cod-
hook baited with any kind of flesh, fish or fowl, is the most successful, 
if not the most orthodox or scientific mode of capturing him. His great 
size and immense strength alone give him value as a fish of game; but 
when hooked, he pulls strongly and fightR hard, though he is a boring, 
deep fighter, and, I think, never leaps out of the water like the true 
salmon or the brook-trout." 
In a discussion at a meeting of the Boston Society of Natural History, 
Professor Agassiz remarked that the color to which the S. namaycush, 
owes its name of 8. a1netkystus does not show itself distinctly while the 
fish is swimming, or when first caught, but only after being taken from 
the water, when the mucus on the surface begins to dry. The general 
color of this species varies with the ground on which it is caught. Those 
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found on a muddy bottom are generally grayish, while those from a 
gravelly bottom are of a reddish color, with much brighter fins. The 
sexes differ in shape, the male having a more pointed head than tbe 
female, although the jaws are of equal length. The ventral fins are 
placed very far back-a valuable specific mark in the Salmonidm, a · 
family in which it is very difficult on characteristic differences. 
In answer to a question from Dr. Storer, Professor Agassiz replied 
that he did not notice the amethystine color in the mouth of this speci~s. 
39. SALMO CONFINIS, DeKay. 
LAKE-TROUT. 
SYN,-Salm,o con.finis, DEKAY, Nat. Hist. -N. Y., p. 238, 1842. 
SP. On.-Oolors blackish, with numerous gray spots. Body robust; 
comparatively short in proportion to its depth. Caudal fin, with sinuous 
margin. Length 2 to 4 feet. The body thicker and shorter than the 
common salmon. Head flattened. Snout produced, and, in old incli-
viduals, with a tubercular enlargement on the extremity of under jaw, 
which is the shortest, and received into a cavity in the upper. A row 
of teeth on the central furrow of the tongue. Attains a weight of 30 
pounds. · · 
HAB.-Lakes in Northern New York. Silver Lake, Penpsylvania. 
The foregoing description is condensP-d from Dr. DeKay's. He adds 
the colors of a freshly caught fish: " All the upper part of head and 
body, bluish-black. Sides of' head and body, base of first dorsal, cau-
dal, and anal fins with numerous rounded, crowded, irregular, gray spots." 
* * * Chin, brownish bronze. Irides, salmon-colored. Dr. DeKay's 
notes, as hinted at by Herbert, probably refer to t,wo different species 
of fish-the present species, and perhaps S. symmetrica, Prescott. This 
will account for the discrepancy between his observations and the re-· 
corded evidence of others, as to size, &c. No specimens of S. confinis 
are in the Smithsonian collection. 
Herbert's account of this lake-trout may possibly be applicable to the 
S. symmetrica, but, being quite interesting, is here introduced : 
"Concerning no fish have I seen occasion so greatly to alter my er 
pressed opinions, founded chiefly on the opinions of others, and, where 
original, formed from examination of fish taken in the waters of' the 
Eastern States~ and in Lakes George and Champlain, in none of which 
is it either a game-fish, or, in my opinion, a good fish. 
"I still doubt greatly whether there be not two distinct species of lake:, 
trout; one quite peculiar to the small lakes of New York. Certainly I 
never saw or tasted any lake-trout similar in appearance, or equal in 
taste and flavor, to those which I ate at Geneva; and which were subse-
quently sent down to me in ice, by my friend, Mr. l\fan~e,·ille, of that 
city. The description of these fish exactly tallies with the account of 
the red-fleshed lake-trout of' Hamilton County, where I have never fishecl, 
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, 1 I herefrom by dread of that curse of the summer angler, 
, I I which is to me especially venomous. 
r' b i1 I insert below from a capital angler, who has caught 
I . i h in ' 1 • • famed Louis L~ke, agrees exactly with the character-
·1 L· ,, Lake trout, but not with his habits; as I have the 
for stating that in Seneca Lake they are never taken 
, i ii• 1 l •. · or by trolling; although in Crooked Lake, i~medi~t.ely 
1 , ! , 111111 , i , t i . are constantly caught by trolling for them with shmers 
, uu upon he book, and drawn head foremost, w:ith a hook, leaded to 
i u I !W or 30 feet. 
• In ,·u r Lake they are taken on set-lines, varying in depth from 
, t i too feet ; concerning which method, more under the head of lake-
'I • follo inr· is an accurate description of one of the fish sent to 
11 'rom 1•11 • •~ Lake. It differs, as will be seen, in many respects, in 
11 1 • 111 , li:q •, and color, from the account quot,ed at page 117 from 
1 I , - 1. • •'auna of New York, almost widely enough, in my opinion, 
, JU Li ~ i erection into a separate species. 
· • IJ, ,ii l ,, , m.-A double row of strong, hooked teeth, on the labials 
d pal. I it •. of the upper jaw. The vomer perfectly smooth and tooth-
. -, In be lower jaw, a single row of strong hooked teeth on the 
I ti i , l u , • douule row of smaller size on the tongue. 
T , n<•hio t · ro I rays, 11 on the right side, 13 on the left. Pectoral 
. W; ·• tral, 10; anal, 12; <lorsal, 13; caudal, 27. 
In II respect · it differs from De Kay's Salmo conjinis. Whole 
i 1 ·l · • Head, 4 inches to the lower margin of the interoper-
• , 11 inches from tip of snout. Origin of the ventral fin, 9¼ 
11u I , ; r be anal, 13; of first dorsal, 8~; of second dorsal, 14 from the 
u p , be snout. Depth of the fish at the origin of the first dorsal, a¾ 
1 wl ; ·•·: dtb of back, 2 inches. Curvature of the belly greater than 
11 t t of tbe dorsal outline. 
"~olor of' the head, dark bluish-black. Irides, silvery; gill-covers, 
1. ·•·1. wi th nacre011 ~ reflections. Back and sides, above the lateral line, 
I • ,m 1tu , 1( ,. ·• , 1• •1 tum-blue, mottled with bright silvt>-ry spots of the 
oil''' l dt ..r -Mhots; below the lateral line the silvery spots are 
1I he ground lighter blue; belly, pure silver. 
' l · 1n l fl 11 , 1>ale rellowish-green; ventrals and anal greenish, very 
1, 1 n t .. t · 11 ,: • 1 th red. First dorsal, greenish-transparent, veined with 
Iii 11 L ; •1·, t • i 1 -:1 1, silvery-gray, slightly mottled; caudal, greenish-
1uul Jul \\'Hh black. 
,. 1 _ : utifully-formed fish, more tapering than the Namaycush 
or i 1, nrit .. , wi h the Mmall head. an<l much both of the form and luster 
of the rue . 1• salmon. Flesh rich, orange-buff, very firm, highly-fla-
n• and delicate. This fish, and another, rather larger, but otherwise 
exactly agreeing with thhi, were eaten at my table by a party of six 
gentlemen, as good judges of good eating as any with whom I am ae-
SUCKLEY-i\IONOGRAPH OP THE GENUS SALMO. 155 
qnab1ted, and were unanimou81y pronounced better than brook-trout-
better tlrnn true salmon-the finest fish in the world. 
'· Tue average weight is eight or ten pounds." Tltis is an extract 
from the New York Fauna of Dr. DeKay. Now I venture to assert that 
Dr. DeKay never wet a line in the waters of Hamilton County, and that 
"the propeusity to exaggeration in everything in relation to aquatic 
animals," induced his informant to make the above statement. I boldly 
assert tlrnt the rwerage weight of lake-trout is not four pounds. 
"An eight or ten pound fish is considered an unusually heavy fish. I 
will give you my experience. In May, 1848, I spent eleven days in 
Hamilton County, in company with a friend, and that friend an old 
Hamilton County troller. We faithfully fished in Lake Pleasant, Round 
Lake, and the far-famed Louis Lake. We killed about two hun<lred 
pounds weigllt of fish. I killed one of sixteen pounds, one of nine 
pounds a,nd a quarter, and two of .five pounds each. l\'ly friend did not 
kill a single fish heavier than three pounds and three-qnarter-5; neither 
did I, save those just mentioned; and I would, and do say, that our fish 
<lid not average three pounds, the great majority being two-pounders. 
At the same time two friends fished Piseco Lake and Rackett Lake; the 
heaviest fo.;h killed by them was eleven pounds; and I do not believe 
that tlrny took another of greater weight than four pounds; at all events 
we beat them a,11 to smash in weight and mun ber. So much for the 
average weight. The wholesale assertion on ;your 118th page that they 
never rise to the fly shonld be qualified. It is not correct that they 
'never rise to the :fly.' They frequently do. The nine-pound-and-a-
quarter lake-trout above referred to was killed by me with an artificial 
:fly. The facts are these: On the 28th of .Yfay, 1848, I was fishing on 
Louis Lake. I was using a trolling-rod and a small trout-rod, ca.sting 
with one and trolling with the other. Upon my trolling-foader I had 
t,vo flies, and when my oarsman was in the act of pulling rouml a pro-
jecting elbow of wood, I reeled up to avoid contact with a fallen tree. 
and, ju~t m; my fi.rst fly trailed on the surface of the water, the fish brok~ 
or rather <lashed at it. I struck him instantly, and away he went with 
so miwh velocity that I had hard work to keep my line from overrunning, 
not lrn,Ying a click-reel. I fortunately thumbed. the reel, and passed my 
tront-rod to the oarsman, and then had fair play; and I assure you I 
never lrn,d hold of a fish of tlle same size that showed more game, power, 
or endnrance. He never sulked for an -instant; and the only difference 
which I could uiscover in his modes of action from a salmon was• that, 
after being stmck, he did not show himself or leap. Had I hooked this 
fi:.,h with my light rod I woulu. not have killed him under an hour; and, 
indeed, as it wa~, h.e was not 'half gone' when Cowles, my guide, put 
the gaff into him. Tllis fish rose in about 8 feet water, and took me 
twenty-fiye minutes to kill him. I never worked harder in my life to 
secure a fish, for yon may imagine that I was anxious to secure a lake-
trout hooked as I have described. 
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"On the same page you quote from Dr. DeKay that tbis trout has the 
'coarseness of the halibut without its flavor,' and subsequently assert 
as your own opinion 'that this is the most worthless of all the non-migra-
tory species.' I think that you are mistaken; .my reasons, presently. 
On page 274 to 276, you also use the following expressions. 'These 
great, bad, and unsporting fish,' &c., 'with a bullet at the end of two 
hundred yards of line, run rapidly through the water.' 'He is very in-
different eating.' I disagree with you. 'Every man to his taste.' 
'What's one man's meat is another man's poison.' I prefer a lake-trout 
to the best brook-trout-don't laugh! If it be 'very indifferent eating,' 
then I am easily pleased, and every person with whom I have spoken on 
the subject are uo judges of fish-flesh." 
40. SALl\1O SISCOWET, Agassiz. 
THE SISOOWET, OR SISKA. WITZ. 
SYN.-Salnw siBcowet, A.oAssu;, Lake Superior, p. 333, Bost., 1850. Pl. i, fig. 3. 
Salmo siBka1uitz, HERBERT, Fish and Fishing, Suppl., p. 17. 
SP. Cn.-(Condensed from Agassiz's description.) Form stout, broad, 
thick. At the anterior ray of dorsal the height is equal to one-fifth the 
total length of the body. Middle part of the body rather cylindrical. 
Peduncle of tail dilated and snbquadrangular. Head la.rge, forming 
nearly one-fourth of the total length, excluding lobes of the ca,udal. 
Snout obtuse and rounded; several teeth on the anterior part of the 
vomer, then a row on the middle of its shaft. Two rows of very curved 
teeth on the tongue. J!,ins strong; dorsal higher tbau it is long. Scales 
small; larger on the lower region of body, behind the ventrals. Accord-
ing to Agassiz, the young are barred with dark, vertical patches, as is 
the case with the young of nearly all salmon and trout. 
Br. 13: D. 12: A.12-14: C. 6, 1, 9, 8, 1, 5: V. 9: P. 14. 
Colors.-These vary according to their feeding-ground,andare brighter 
during the breeding season. 
DIAGNOSIS.-Frorn S. namaycush it can be recognized by its different 
opercular apparatus. (See Agassiz's description in his" Lake Superior," 
&c.) Also by the dorsal ftn, which is higher than it is long, occupying 
the middle of the back. Caudal much less furcate. Muzzle more round. 
Ventral fins not placed so far posteriorly. 
HAB.-Lake Snperior, especially along the north shore. 
Professor Agassiz says that the siscowet is a rich, highly-flavored 
:fish, but too fat. This renders its preservation in alcohol very difficult. 
He obtained his specimens from Michipicoten, the same place from 
whence Mr. George Barnston sent the only specimens that are con-
tained in the Smithsonian collection-four in number. The heads of 
these fl.sh are smaller thau those described by Professor Agassiz, but in 
other respect-s they agree with his description. 
Mr. Barnston, in a letter, speaks of the existence there of another kind 
SUCKLEY-MONOGRAPH OF THE GENUS SALMO. 157 
oflake-trout, differing from this species, which he calls the" bear-trout.'' 
He says that the distinctness of the species is recognized by the Indians, 
and that they spawn at a different season. H~ mentions having sent a 
specimen. After careful examination I can detect no differences of value 
between the different individuals sent by him. 
Herbert, in his '' Supplement," affirms that, as a sporting fish; the" sis-
kawitz" is of no value; but, in the following quotation which I have 
made, acknowledges its high gastronomic excellence: 
"This :fish, like the former species, came frequently under my eye dt1r-
ing my late northern tour; and I rejoice in the possession of a barrel of 
him in his pickled state, which I procured at the Sault Ste. Marie, on ~he 
strength of which I can recommend him to all lovers. of good eating as 
the very best salt-fish that exists in the world. He is so fat and rich 
that when eaten fresh he is insufferably rank and oily; but when saltell 
and br,;,iled, after being steeped for forty-eight hours in cold water, he is 
not surpassed or equaled by any fish with which I am acquainted. 
Since my return he has been tasted by very many gentleman of my ac-
quaintance, and by no one of them has he been pronounced anything less 
than superlative. His habits closely resemble those of the namaycush, 
and, like him, I cannot learn that he ever takes the fly or is ever taken 
by trolling. I do not, however, believe that either of these methods are 
often resorted to for his capture, although there are many scienfrfic fly-
fishers about the San :and the brook-trout of those waters are princi-
pally taken with large and gaudy la.ke-flies. The average weight of the 
siskawitz does not exceed four or five pounds, though he is taken up to 
seventeen. His excellence is so perfectly understood and acknowledged 
in the lake-country that he fetches double the price per barrel of his 
coarser big brother, the namaycush; and he is so greedily sought for 
there that it is difficult to procure him, even at Detroit, and almost im-
possible at Buffalo.'' 
41. S.ALMO SYMMETRICA, Prescott. 
WINNIPISEOGEE TROUT. 
SYN.-Salmo synimetrica, PRESCOTI, Silliman's J our., 2d series, xi, p. 340, May 
1851. Read before Asso. of Am. Geologists and Naturalists, Boston, Sept, 
1847. 
SP. CH.-(Oondensed from Dr.· Prescott's description and from the 
examination of specimens.) Form, slender, symmetrical; a single row of 
teeth on the vomer and palatines. Head contained about.four and a half 
times in the total length; position of dorsal fin considerably anterior 
to the middle point of total length; tip of anal fin extends some dis-
tance behind tip of adipose dorsal. s,~ales small. Lateral line waving 
for the first inch or inch and a half, commencing a little below the su-
perior posterior angle of the operculum and gently descending for a 
short distance, and then ascending as much, when it proceeds in a 
straight line to the middle of the tail. Head slightly flattened between 
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the , .. , • . Jaws nearly equal and pointed; the extremity of the lower 
receh- d into a cavity above. Jaws, tongue, palatine, and pharyngeals 
armed with a single row of small, pointed, recurved teeth. Teeth of 
lower jaw larger and less numerous than of upper. Pupils, black; 
irides golcten. Tail deeply forked. (Prescott.) Integument covering 
the under surface of the arms of the lower maxillaries is pierced with 
several small pores or boles. 
DIAGNOSIS.-The only species which this fish is likely to be con-
founded with are S. con.finis, DeKay, and the young of S. namayouah, 
Penn. It will be recognized by its 'f'ery slender form, by lacking teeth 
on the central furrow of the tongue, and those of other parts of the mouth 
being disposed in single rows ; by the more anterior position· of the dor-
sal fin. Scales very small, but much larger than in S.fontinalis. 
HAB,-Winnipiseogee Lake. 7 Lake George. 
Dr. Prescott gives the following description of a specimen 20 inches 
long ; weight 30 ounce~ : 
" Distance from the extremity of the jaws to the eye, 1¼ inches; to 
the dorsal fin, 9 inches; to second dorsal, 14½; to ventrals, 9~ inches." 
• • "Length of base of dorsal tin eq nal to one-ten th of the length of 
the ft~h; height of the same, (longest rays,) 2½ inches." • • • "Cau-
dal fin deeply forked; the distance between extremities . of bifurcation, 
being 4½ inches, or equal to length of the head." 
Oolora.-In a foot-note Dr. Prescott says: "It is worthy of remark that 
the color of this ftsh,in common with many others, is very much influenced 
by the nature of the bottom upon which it feeds, being uniformly much 
dorkerwben frequenting muddy than gravelly bottoms, or rapid streams. 
The color varies with age, and in many instances there is a marked dif-
ference between the color of the male and the female." 
The colors of the specimen whose measurements are above given were 
as follows: "_Light to dark brown on the back an<l upper part of the head; 
sides dark-gray above lateral line, lighter below, in some approaching 
to light salmon; lower jaw, chin, and abdomen white, mottled with 
fnliginous; pectorals aml ventrals gray, their anterior part being shaded 
faintly with pink. Dorsal and caudal :fins dark-gray. Tue whole fish, 
including the dorsal and caudal :fins, thickly sprinkled. with small cir-
cnlar spots of a drab color on the sides, olive on the back, approaching 
to light salmon below. These spots become elongated and variously 
cm· " on the tqp of the bead, and of an olive color, giving to the part 
a marbled appearance." He adds: "This trout during winter is taken 
in great abundance by the book, through holes cut in the ice, but not in 
such numbers as formerly. They are not unfrequently taken weighing 
12 to 15 pounds. The largest reported to ham been taken weighed 25 
pounds. By most persons it is highly esteemed, and it is generally con-
sidered an excellent fish for the table." 
Two specimens from Lake Winnipiseogee are in the Smithsonian collec-
tion. From a careful examination we are led to believe that the species 
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is distinct from any described previous to Dr. Prescott's paper. There 
is also in the Smithsonian collection a jar, numbered 3588, on the fish 
catalogue, a lot of trout from what is supposed to be Lake George, New · 
York, but the locality is somewhat uncertain, owing to the obliteration 
of the writing on the first label. They, how~ver, resemble the S. sym 
m.etrica so closely that I have had no hesitation in li1beling them as 
-such. The light markings, common to the fish when fresh caught, ap-
parently fade out in alcohol. 
N OTE.-Since writing the foregoing, a r~ference to S. hoodii has caused 
regret that no indisputable specimens of that fish could be obtained for 
comparison. 
42. S.A.LMO HOODII, Richardson. 
HOOD'S SALMON; 'l'HE MASAMACUSH. 
SYN.-Salmo hoodii, RrcH. F. B. A. iii, p. 173 ; Pl. 82, fig. 2; Pl. 83, fig. 2; Pl. 87, 
fig. 1; DEKAY'S Report, p. 242; STORER'S Synop. 
V Sal·mo catpio, FAB., (RICH.) A Greenland species. 
SP. CH.-[Condensed from Sir John Richardson's original description.] 
Head a little more than ~me-sixth of total length. Lqwer jaw, when the 
mouth is closed, projects beyond the upper by the depth of the chin ; its 
length applied to upper surface of head, passes about a quarter of an 
inch beyond the nape, in a fish about 18 or 20 inches long. A single 
row of' teeth on each side of the tongue, a few scattered teeth also about 
its middle. Operculum half' as wide as high. Caudal (in the adult) 
even at the end. Average weight of a full-grown adult, 8 pounds. 
Golors.-[Taken from a female 21 inches long; season, August;] Back 
and sides intermediate between olive-green and clove-brown, studded 
with yellowish gray spots, as big as a pea, a few of which are on the gill 
covers. Belly and under-jaw white, the latter thinly dotted with blµish-
gray. Dorsal and upper lobe of caudal marked with smaller spots. 
HAB.-Fresh-water · lakes on the Atlantic slope of America, from 
Canada north ward. 
43. S~LMO NEWBERRY!, Girard. 
SYN.-Fat•io gairdneri, GRD. Proc. Phil. Acad. Sc., viii, 1856, p. 219; GRD. Pacific 
R.R. Repts., x, p. 31:3 [not Sal1no gairdneri, RICH.] 
Salmo newber1·yi, GRD. Proc. A. N. Phil., p. 225, 1858,. (referring to Plate 
lxxi, figs. 1-4. P.R. R. Reports, vol, x. 
SP. CH.-rcopied from Dr. Girard's report, P.R. R. Repts., vol. x, p. 
313.] "Body subfusiform in profile, very compressed head, comprised · 
•four times in the length, the caudal fin excluded. Upper jaw longest; 
maxillary curved, extending to a vertical line intersecting the posterior 
rim of the orbit. Anterior margin of dorsal equidistant between the 
extremity of the snout and the base of the caudal. Caudal fin furcate. 
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Back, silvery-gray; sides silvery, and belly yellowish-white. Body ob-
soletely spotted with black; similar black spots on the dorsal and caudal 
fins." 
The figure given by Dr. Girard was taken from a single specimen con-
tained in the Smithsonian museum, and said to be of the size of life. 
The specimen haR disappeared from the collection, so that we are unable 
to judge whether it is the young of an anadromous salmon, or, what I 
suspect, simply a variety of the Salmo iridea., Gibbons. It was procured 
by Dr. NewbeITy from the Klamath River. 
IV. -THE SALMON OF THE DANUBE, OR THE HUCHO, (SALMO 
HUCHO) AND ITS INTRODUCTION INTO AMERICAN WATERS. 
' 
BY RUDOLPH HESSEL, 
[NOTE.-The following communication upon the Hucho was prepared 
by Mr. Rudolph Hessel, at my request, and embodies some facts of much 
interest in reference to this fish. The pr-opriety of introducing so vora-
cious a species, and one that remains and feeds entirely in fresh waters,-
where the sea-salmon occurs, or can be introduced, may perhaps be 
· questioned, but whether it might not be planted to advantage in: the more 
southern waters of the United States, or even in the .Mississippi Biver, 
is well worthy of coosiderat10n. 
S. F. BAIRD'. 
The Danube salmon differs from the other Salrnonidm by its more cylin-
drieal and elongated body. The back is of a dark brownish-green; the 
belly, silver-white. and on its sides are black, round, and half-moon-
shaped spots, which are more crowded along the upper part of the back: 
in this exhibiting a resemblance in marking to the sea-trout. 
With increasing age (fish of 12 to 20 poun4s and more) the sides ex-
hibit a reddish tint, which becomes of a beautiful rose-color during the 
breeding season, and gives rise in some places to the name of "red-
fish," not to be mistaken, however, for the " Rothel," ( Salrno umbla, or 
sa.lvelinus.) 
. The Danube salmon surpasses all other Salmonidm in size, and attains 
a weight of 40 to 60 and 100 pound~. In rare cases, specimens even of 
120 pounds have been caught. Its flesh is almost like that of the sal-
mon of the Rhine in quality, but is white, while that of all the other 
German Salmonidm is red. 
A special peculiarity of this fish is its limited geographical distribution, 
occurring only in the streams emptying into the Black Sea, especially 
the Danube and its tributaries. When young (weighing from 12 'to 18 
pounds) it bas its abode in the deep, rapid, mountain branches of the 
Danube, and afterward descends into the river itself, in the lower por-
tion of which, near Galacz, Semlin, &c., it is found of fully developed size. 
The rivers Drave, Save, and Theiss, the principal southern tributaries of 
the Danube, also abound in fu11-grown fish. It is also frequently caught 
in the northwesterly tributaries, above Vienna-thf\ Inn, Lech, Isar, Sa.1-
rach, Altmtihl, Regen, Iller, and even the sma11 Brenz; indeed, generally, 
everywhere in the Upper Danube of Wiirtemberg. Except as indicated 
S. Mis. 74-:-11 
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above it is to be met with nowhere else in En rope. It also oecnrs in the 
Black .' a but only near its shores, and also in the Dnieper, which dis-
cbarg1, its water into the Black Sea near Odessa; likewise in the Volga 
anrl c-ral Rivers of the CaE1pian s~a. 
The Danube salmon has not the peculiar habit of migration from 
the sea of the tme salmon ( Salmo salar) though it also ascends the 1frers to 
spawn, like most other Salmonidm. Differing from the other Europe~ 
salmon, however, which breed in autumn or winter, it deposits its eggs in 
March, April, and May, the female making large cavities in the middle 
of the river for the purpose, called by the fishermen of the Dauube 'brucf,,, 
(break.) Accompanied by several males the female fish deposits its eggs 
at the bottom of these excavations, and while thus engaged are easily 
caught with the' trident,' or fish-spear, and even after one of the males 
has been taken out the others leave theplaceonlyforashort while toretnra 
and meet the same fate. Many fish are thus captured du.ring the breediuf 
season, greatly to the injury of the fisheries; aud although laws prohibit-
ing this mode of fishing during the breeding season have been enacled 
in all the littoral states of the Danube they are moi.;,tly evaded. 
The eggs of the Danube salmon have a diameter of about .20 of an inclf, 
and their yolk is not a connected mass, as in the eggs of the other Bat-
monidre, but is distributed in oily drops upon the entire inner surface. 
A period of forty to fifty days in cold weather, even more, is necessarJt 
for hatching. The eggs are rather sensitive and suffer greatly from tlie 
rapacity ot' the grayling, Thymall1ts vexillifer Agassiz, which exist in 
great numbers in the tributaries of the Danube. They follow the female 
kuclw in shoals, and voraciously consume the eggs. Hence this beauti-
ful fish is never so abundant as is the Salmo sa-lar in the Rhine, where the 
Tkynwllus is far less numerous than in the Danube. In addition to this, 
the season for depositing their eggs is far more favorahle to the S. salar, 
since then tbe Thymallus are full of milt and eggs and less hungry than 
at spring-time, when they have just done spawning. The young :fishes 
lose their yolk-bag after ten to eighteen days. ThPy have a length of .80 
of au inch when hatched, 6 to 6.:-:JO inches when six months old, aud 
2 1 to 32 inches after two years. This rate of growth is quite favorable, 
-when compared with that of the European brook-trout, but is less than 
with the other Salmonidre, which, migrating to the sea, there find richer 
nourishment than the kuclw, which generally remains in the river. Since 
the huclw does not enter the sea, for this reason it appears especiallf 
adapted to the large lakes of America, as well as to the Mississippi and 
its tributaries. 
In its third year the &lmo huclw attains its maturity for propagation. 
Before that period it prefers to remain in the small ri vnlets; but when 
sufficiently grown prefers the most rapid places of the larger tributariee, 
where rocks, trunks ot' trees, &c., offer shelter. Like the S. salar, it 
ascends obstructions several feet in height, sometimes six to eight. 
Like the other large Sabrwnidre it is a rapacious fish, neither more nor 
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1 ess so than its congeners of equal size, but is, I believe, decidedly sur-
J""> a,ssed in voracity by Silurus glanis, the she~t-fish, a kind of cat-fish, 
a.,nd the pike, Esox lucius. The daily consumption of food of the last-
I.:Dentioned species, according to my own observations, amounts to one-
third of its own weight. The S. hucho has a bad name for voracity, 
--"L,ecause it is not at all dainty;. it preys on its own kind, catches 
:frogs and water-fowl, and even does not refuse water-rats. But, after 
all; it consumes, in proportion to its size, far less than the smallest 
-trout; and the most reliable fishermen of the Panube agree with me in 
-the opinion that it is not as bad as reputed. True, it shows great energy 
in pursuit of food, but this occurs principally in winter-time when most 
of the other fishes remain in their hiding-places and the river is covered 
with ice. In such cases it frequently jumps high up the banks, where it 
is easily killed. 
I have often examined the stomachs of these fish of different sizes, 
and mostly found white-fish and frogs, sometimes salamanders ( Trito~ 
01·istati1,s,) and once even a ring-snake ( Tropidonotus natrix). 
I believe that in the sluggish southern rivers of North America the 
numerous salamanders would serve as food, as the hucho loves . to 
hunt in bends of the river overgrown with cane, and shows .great skill 
in catching his ·prey. . 
Several years ago some ichthyologist maintained that the hucho is 
subject to a peculiar disease of the skin, of which he gave a description. 
This is, however, a mistake, as I have ascertained by consulting many 
of the fishermen of the Danube, and to my ·certain knowledge ma,y 
occur in any fish very frequently on the carp. It is a spongy excres~ 
cence originating where the skin had been injured or the scales rubbed 
off, and of fungus origin, the same mould, viz, Leptomitris cl,avatus, which 
sometimes covers the eggs in breeding establishments, especially in 
winter-time, especially when dead animal matter had been allowed to 
contaminate the water. 
The mode of catching t,he hucho differs greatly along the extended 
banks of the Danube, and is influenced by the situation, depth, &c., of 
the river. In summer-time they are taken in nets, and smaller ones, up 
to 6 pounds, wit.h the fly, which, however, is refused by the. older :fish. 
From October to their spawning-time, even during the coldest winter, aud 
under the ice, they are also to be taken with minnow-bait on ground-
hooks. No other fish of the Danube besides the pike will -take the 
hook. 
No fish of the salmon tribe, the true saimon, Salmo salar, not excepted, 
affords more sport to the angler than the hucho, especially before the river 
becomes covered with ice, or when ,it breaks up in spring, and whether 
small or large, from 1 pound up to 60, none takes the hook at this 
season more readily. In rapids or other places, provided they are free 
from ice, the fishing is al ways successful. I have frequently practiced 
this mode of fishing in the Danube, from Linz to Galacz, and in its tribu-
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taries, Lech, Inn, Salzach, Theiss, Drave, Save, Marosz, even in the se,Tere 
winter of 1852, and always to my satisfaction. 
I am entirely satisfied that the S. kuclw will be admirably adaptecl 
for the Mississippi River and its numerous tributaries. The large, deep 
indentations, overgrown with cane, as well as the numerous ra,pid moun-
tain affluents, otter favorable abodes. The large lakes of t-he United 
States appear also t,o be equally appropriate for this fish, This, of cour~ 
is nothing more than my individual opinion, but that its acclimatation is 
prn~sible is beJond doubt. . 
For the introduction of this fish two wa;rs seem to be indicated: 1, 
the direct importation ot a number of liYe fishes, about one year old, 
to be nursed in a suitable small lake until mature for propagation; or, 2, 
the importation of a large number of impregnated eggs to be artifichdlJ! 
batched. The former bas great difficulties, as the huclw, like all salmon, 
constantly requires fresh water; still I should be willing to t:ry it with 
about twenty-five to fifty specimens of the age of six to twelve montbs. 
It would, however, take almost three years before the fishes would be 
fit for propagation, and this is a great loss of time. The latter method 
oft'ers no less difficulties, viz, the coUection and transportation of the 
eggs, which are very sensitive, especially as the temperature of the sea-
s m is rapidly increasing, when they are spawning. It is scarcely cred-
ible that their artificial impregnation is entirely·unknown to the :fisher-
men of the Danube, although they believe it possible with the t1out. 
It would therefore be necessary to engage the most intelligent of the 
fishermen; to instruct them, and, if they are willing to do the collecting, 
to assign a centrally-situated place, where the batching can be carried 
to the first stage, viz, the development of the eyes. Immediately after 
the impregnation eggs would not endure transportation for more than 
two days. 
I have consulted several fishermen of the Danube, in person as well 
as by letter, and believe I could obta!n 600,000 to 700,000 eggs in the 
first year. This is a considerable quantity, under these circumstances. 
The eggs are very sensiti,e, and will need to be managed by an expert; as 
the fishermen are entirely ignorant, and even require to be informed the 
mode of packing, &c. Biiningen, in 1872, secured 10,000 eggs, for which 
a man was sent to the Bavarian Danube. Mr. Schuster also received 
about 2,000, which were hatched. Those at Hiiningen perished. It was 
the first time Messrs. Schuster and Haack bad 'tried the batching of 
kucl,o. In Germany preference is given to the salmon of the Rhine 
over the hucho, and even over the salmon of the Elbe, though the latter 
i the same fish. I believe, however, that the hucho will improve in 
the Rhine, as does e'f'ery other fish, though it is already a splendid table-
fi8h and desirable not alone on account of size. In reference to the dif. 
ficnlties of transportation, I need not direct your attention to the fact 
that they become so much greater in a journey to America! But as I 
reported in one of my last letters to Washington, I hope to meet all 
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these difficulties by the adoption of a little apparatus, by means of which 
I may safely carry 400,000 to 500,000 eggs. I think I have overcome 
the difficulties of construction •. Ice for cooling, as you suggested, will 
be applied without allowing direct contact of the eggs with the melting 
water. Of this apparatus I hope to exhibit drawings and models in 
America when I see you. In conclusion, I have to say, that it will be 
necessary for the :fishermen to ask permission for the collection of eggs, 
which, however, could be readily obtained. 
I believe that now I have rold you aU, the good and ·bad, of this fish; 
it is, however, far from my purpose to unconditionally recommend its 
introduction into your country. I believe the Salmo salar ought to be 
tried in the :Mississippi at the same time, as the Gulf of Mexico would 
afford rich feeding-ground. The Ohio and Missouri, with their many 
tributaries, may also be found suitable. 
P. S.-Oflate years there is, everywhere in Europe, manifested the 
desire to destroy the pike. in lakes and ponds. Although our laws are 
quite stringent and are strictly executed, the catching of .Esox is allowed 
even in spawning-time, as rational :fish-breeding has proved them inju-
rious. Salmo'liuclw and the other Salmonidre are protected bylaw during 
the spawning-season. 
I consider the omul or Salmo m'nul of Baikal Lake as one of the most 
excellent of the Salmonidre. It is, however, at present scarcely to 
0
be 
bad in Europe. According to my information, it surpasses the Salmon 
of the Rhine in quality,and is extremely prolific. About 20,000 hundred-
weight are said to be caught in the lake, and preserved by smoking, 
every year. Salmo omul, as far as I know, has never been described 
satisfacrorily in any work of natural history. · 
Very respectfully, yours, 
. RUDOLPH HESSEL. 
Professor S. F. BAIRD, 
Un-ited States Commissioner. 
V.-IMPROVEMENT IN THE SALMON FISHERIES OF SWEDEN. 
EXTRACT FROM THE REPORT OF THE ROYAL SWEDISH INTENDANT OF FISHERIES. 1868, 
In 1855, the state of the fisheries in Norway was taken into consider-
ation, and establishments for :fish-breeding were introduced. At the 
same time protecting laws were enacted, which, in 1863 and 1865, w~re 
further amended, in accordance with the experience acquired. The 
most important rivers and lakes were subdivided into :fishery districts, 
and supervisors were appointed to insure the observation of the laws, 
one-half of their salaries being paid by the government, the other by 
the owners of the :fisheries. By these means the same practical advan-
tages have been obtained as in England. As early as 1865 the inspectott 
of fisheries was able to present testimonials from Dramself, Langens~JtV 
aud Mandalself in proof that the protecting laws and the fish-breeding 
establishments thus introduced had steadily increased the y_ield of the 
fisheries during the last:five years; in 1808, testimonials of twelve more 
rivers and lakes were added. ·with every year the satisfaction with 
these regulations becomes greater and greater in Norway. If we com-
pare the results obtained in France, where they endeavored to improve 
the fresh-water fisheries solely by artificial breeding. we find them quite 
different. From 1853 to 1865 great sums of money were expended; the 
central fish-breeding institution of the state at Hiiningen, which in 
1862 had already cost 600,000 francs, had distributed nearly thirty 
millions of young salmonidre every year, and still the · fresh-water fish-
eries were found in the same bad condition as before. It is maintained 
by some that by the establishment at Hiiningen the stock of fish bad 
not augmented in the Seine, the Loire, the Garonne, and the Rhine by 
more than a Yeryfew trout and other Salmonidre. Consequently finding 
that breeding alone would not produce t.he desired improvement in fresh-
water fisheries, it was decided to be necessary, even in 1865, to enact 
protecting laws in order to get a firmer basis and better results for the 
" ' ork done. 
From this brief statement it is eYident that from fish-breeding estab-
1. ' 1shments only and solely, a considerable increase of fish is not to be 
expected, and, at the 1-mme time, that fish-breeding, in connection with 
Rnitable prot.ection and rational management, will produce equally favor-
able results as is the case with other industrial enterprises. 
It will also be seen how important a position protection and proper 
system occupy in the several transactions, in co-operation producing the 
above-mentioned farnrable results. Hence the conclusion is justified 
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that protection and rational management of fisheries will give satis-
factory results, even without t,he labor and expense of artificial breeding; 
nevertheless, that artificial breeding, wit.bout any doubt, acts a very 
important.part in promoting the improvement of :fisheries. For every-
where in nature we find that in some years or seasons the propagation 
of certain plants or animals suffers from unfaYorable accidental cir-
cumstances. The same is the_ case with the fishes; an_q it may be, at 
least in part, counteracted by artificial breeding-establishments, which 
offer some protection against destructive changes in temperature, against 
floods of muddy water, or the attacks of numberless enemies. 
Furthermore, in many even extensive systems of waters, some species 
of valuable fish have disappeared almost entirely, and it would require 
many years to increase the stock from the few individuals left. In such 
cases artificial propagation will offer effective and useful means for 
obtaining more rapid and certain results from protection, &c., which will 
be al ways required for improving extensive fisheries. 
The great importance of artificial :fish-breeding undoubtedly consists 
in the facility of introducing new varieties, by means of artificial impreg·-
nation, transportation, and hatehing of the eggs. It is, of course, neces-
sary to success to select the. water, nourishment, location, &c., so as t'o 
be adapted to the habits of the species to be transplanted. · Norway, 
and more recently Sweden also, have thus obtained the most valuable 
results. In Norway salmon are now frequent.ly caught, where they were 
introduced only a few years ago. Schnepel ( :Joregonas O{lJyrhynchus) of 
6 pounds' weight are found in Jemtland, and red salmon Salmo alpinus 
of 13 pounds in the North Sea, Black Sea, Orange, where before 1860-
'64 (i.e., the time of their introduction) none were to be met with. 
In the river bet.ween the Lakes Hunn and Tisnaren great nulllbers of 
young salmon are now to be seen, having-been transplanted in 1866 and 
1867. The interest in raising valuable :fish is constantly increasing. 
Oestanback and Gullspang cannot supply tlie yearly demand of eggs. 
Three hundred and twenty-five thousand schnepel eggs were sent from 
Gullspang in 1868. At present ~ve new fish-breeding establishments 
are about to be started. 
As a lucky and, in its kind, peculiar transfer may here be mentioned, 
that smelt were, in 1866 and 1867~ introduced into the Lake Walloxen, 
near Stockholm, and in the ,succeeding spring were found to have 
greatly increased in number. Since the occurrence of wmelt. in a.ny 
water is so far of importance as it shows the water adapted for breeding 
Salm.onidre, &c., this experience of the Swedish fish-propagating estab-
lishment is in many respects remarkable. 
VI.-REPORT OF OPERATIONS DURING 1872 AT THE UNITED 
STATES SALMON-HATCHING ESTABLISHMENT ON THE 
M'CLOUD RIVER, AND ON THE CALIFORNIA SALMONIDiE 
GENERALLY; WITH A LIST OF SPECIMENS COLLECTED. 
BY LIVINGSTON STONE. 
A-INTRODUCTORY REMARKS. 
1.-THE SALMON-HATCHING ESTABLISHMENT ON THE M'CLOUD RIVER, 
SAN FRANCISCO, C.ALIFORNI.A., December 9, 1872. 
SIR: I beg leave to report as follows: 
In pursuance of your instructions received in July last, to proceed! 
without delay to the Pacific coast, and make arrangements for obtaining 
a Rupply ot' salmon eggs, I left Boston on the 1st day of August, for San 
Francisco, with this object. As I was directed in your subsequent letters 
to obtain, if'possible, the eggs of theSacramentoRiversalmon, I setmysel~ 
nt work at once to ascertain the time and place of the spawning of these 
tiHh, but, singular as it seems, I could find no one in San Francisco who was 
able to say either where or when the salmon ot' the Sacramento spawned, 
ThoHe beRt informed in regard to fishing matters, advised me to locate 
at Rio Vista, the chief sHhnon-tishiug ground of the Sacramento. This 
seemed practicable at first, but, on examination, the water at Rio Vista 
was found to be wholly unsuitable, and this place was giYen up. For-
tnuatelJ, a short time after, I was introduced, through the kindness of 
Hon. B. B. Redding, a member of the boa.rd of California commission-
ers of :fisheries, to Mr. Montague, the chief engineer of the Pacific Rail-
road, who showed me the Pacific Railroad surveys of the upper waters 
of tbe Sacramento, and pointed out a place on the map, near the junc-
tion of the McClond and Pit Rivers, where he assured me be bad seen 
In<lianR spearing salmon in the fall on their spawning-beds. This point 
one lmndred and eighty-five miles north of Sacramento City. Fol-
lowing this clew, I proceeded to Red Bluff, the northernmost railway sta-
tion of the California and Oregon Railroad, situated fifty miles from the 
McClond River. From inquiries made here, I became so well convinced 
that the salmon were then spawning on the McCloud River, that as soon 
as supplies and men could be got ready I took the California and Oregon 
stage for Pit River ferry, two miles from the mouth of the McOloud. 
We anived here at daylight on the 30th of August. Leaving the stage 
at this point we followed up the left bank of Pit River on foot, to the 
mouth of the McCloud, and continued thence up the Mc<Jloud River. .At 
a distance of about two miles above the mouth of the river, we came 
upon sevtiral camps of Indians with hundreds of freshly canght salmon 
drying on the bushes. Salmon could also be seen in the river in such 
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numbers that we counted ~ixty in one spot, -as we stood at the waters' 
· edge. It was evident that this was the place to get the bree<ling fish, and 
tlie next thing was to find water to mature the eggs for shipment. This 
was not so easy a task as finding the salmon, but we at last discovered 
a spring stream, flowing a thousand gallons an hour, which I decided to 
use, this season at least, and on the morning of September 1, 1872, the 
hatching-works of the first salmon-breeding station of the United States 
were located on this stream. The location is about three miles up the 
McOloud River, on its left or western bank. It is one hundred and 
eighty-five miles from Sacramento City; three hundred and twenty-
three miles from San Francisco via Pacific Railroad; four hundred and 
fifty-three miles from Portland, Oreg.; two hundred and seventy-two 
miles from Oakland, Oreg.; fifty miles from Red Bluff, Cal.; twenty-two 
miles from Redding, Cal. The point selected is on the California and Or-
egon stage-road, which, at the time of our arrival, connected with the 
railroad at Red Bluff. The railroad bas now been continued to Red-
ding, and it is thought that next year it will run within ten miles of the 
salmon-breeding station. The spawn found in the fish that the Indians. 
were spearing on our arrival indicated that there was no time to spare in 
gettingreadyforthe hatching-work. We were twenty-five miles from the 
nearest town or village, fifty miles from a rail way station, over fifty miles 
from an available saw-mill, and in the Sierra Nevada Mountains, where 
the mule-teams barely made twenty miles a day with supplies; but we 
went to work, and in fifteen days we had a house built, filtering tanks, 
batching apparatus, and flume in perfect running order, and on the 16th 
of September were catching and corralling the salmon. There were but 
three of us, and every day for a week the mercury ran from 105° to 1120 
]'. in the shade. But although we worked so expeditiously through the 
broiling sun of those days, we were too late. The first few hauls of the 
net showed that the salmon had spawned. In fact,the salmon begin to 
spawn in the McOloud River some time in August, and are through 
spawning, or nearly through, by the 12th of September. 
We caught plenty of salmon in the seine, but only rarely a female 
with ova. By hard fishing, and hauling the seine e,ery night and 
sometimes all night, we succeeded in capturing· twenty-si~ salmon, includ-
rng both sexes, in spawning condition, by the 28th of September. On 
the night of the 28th, at midnight, as the returns did not seem to war-
rant 'the expeuse of handling the seine, I stopped fishing. Of the 
twenty-six breeding salmon caught, tweh·e were females and yielded 
about 50,000 eggs. Of this number 20,000 were destroyed by the terri-
ble beat of' the last of September; the mercury on some days reaching 
as high as 112° in the shade. The remaining 30,000 did well, in spite 
of many dangers from sediment, and from a fungoid growth which 
seemed to permeate the brook water on bot days, and which rendered 
constant vigilance necessary; and. on the 12th day of Octqber, the most 
ad vaoced eggs showed the eye-spots. By Friday, October 18, all _the 
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eggs were ready to pack for sbipm_ent, but owing to. miscarriage of_ a 
letter the moss which was to be dehvered on the previous Tuesday <lid 
not arrive until the evening of the following Tuesday. On the next 
day, October 23, the eggs were packed and shipped to Sacramento, 
where I place,! them in charge of Wells, Fargo & Co., by whom they 
were forwarded East on the 25th of October, 1872. 
2.-THE LOCATION OF THE SALMON-BREEDING S1'.ATION ON THE 
M'CLOUD RIV.ER. 
The location which bas been selected for this station seems to be tbA 
best, all things comddered, that could be found for obtaining and matur~ 
iug for shipment the eggs of the Sacramento River salmon. Althoug\ 
I made a careful exploration of' the whole course of the Sacramen111 
River, I found no place which seemed to me to possess equal advantagefi 
The mill-brook at Tehama came the nearest to it, but at Tehama the sal-
mon spawn so late as to throw the transportation of the eggs into De-
cember, when there is danger of snow-blockades on the Pacific Rail-
road; the rainy season commences at Tehama while the eggs are 
maturing, and renders the brook liable to become roiled by the rains; 
there is a mill on the stream, the operations of which would interfere with 
the water-supply of the hatching-troughs; and the fact that Indians, 
Chinese, and whites congregate there in great numbers to kill the sal-
mon, makes the neighborhood anything but favorable for the delicate 
work of maturing salmon-eggs. 
On the other hand, at the McCloud, the spawning period is such as to 
place the transportation of' the eggs at the best time, viz, in Ooetober 
or NoYemuer; the eggll will be shipped before the rainy season sets in, 
and if it did rain, it would not disturb the water of the McOloud river, 
wbich it is J)roposed to use in future. There is no mill nor anything 
else on the 1\-IcOloud River to interfere with the water-supply, and, lastly, 
this rh~er is wholly free from the rough neighborhoods which are found 
on the outskirts of a town like Tehama. The Tehama brook has the one 
advantage of being half a day's travel nearer Sacramento, but I do not 
think this a sufficient off::;et to the other advantages of the present 
location. 
3.-0HANGES PROPOSED FOR .ANOTHER SE.A.SON. 
I won1'1 recommentl that next year the house and all the hatching appa-
ratus be moved down close to the edge of the high-water mark of the river, 
where the seine is hauled for catching the parent salmon, and that tha 
water for hatching be taken from the river itself. This can all be done at 
a very inconsiderable expense, and the whole thing will then be very com-
pact. The :fishing-ground, the dwelling-house, the corral for the parent 
salmon, and the hatching-works will all he close together, and a vast deal 
of labor and risk arising from these departments being separated, as they 
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were this year, will thus be saved. Last fall, when the works were put up, 
I did not know enough about the l\foCloud River to risk the proposed ar-
rangement of the works, but I am satisfied now that it is both safe and 
very desirable. By this arrangement other ad vantages are gained be-
sides compactness and convenience, for water will be obtained in unlim-
ited quantities, of au even temperature, not varying over fl ve dt:'grees 
for two months. The water is as clear as crystal, and is never roiled from 
any cause whatever so as to deposit dangerous sediment; and lastly, 
tbis cold water of the McCloud, with a temperature of 48° to 53° F., will 
not grow the insidious fungus which continually showed itself in the 
warm water of the hatching-works of this last season. With these 
'changes nine-tenths of the trouble and dangers of the past season will 
be avoided, and I see no obstacles iu the way of very large success in 
obtaining salmon-eggs at this station in the future. 
4.-WHY MORE SALMON-EGGS WERE NOT OBTAINED IN 1872. 
The simple reason why more eggs were not obtained this season was 
because the salmon had spawned at the head-waters of the Sacramento 
before it was possible to get ready for the eggs. A subsequent effort 
might have been made at Tehama, but the lateness of the season, the 
uncertainty of the results, aud the reduced condition of the appropria-
tions, were sufficient to discourage it. 
Although so small a return in the actual number of salmon obtained 
has been derived· from the outlay attending this- enterprise, the money 
can hardl,y be considered as unprofitably spent, for another and very 
adequate return is to be found in the actual preparations made for future 
operations and in the information and experience which have been ob-
fa.1,ined, and which, in the writer's opinion, are worth all they cost as a 
guide to future labors. 
5,-CONDl'l'IONS OF HA'l'CHING SALMON IN CALIFORNIA COMPARED 
WITH SIMILAR OPEKATIONS AT 1'HE EAST. 
The conditions of hatching salmon-eggs in California are wholly dif-
ferent from those which present themselves in similar work at the East. 
At the East you have to guard against cold; in California you have to 
guard against heat; at the East you can usually find a good spring in a 
favorable locality; here it is out of the question ; at the East a brook will 
usually answer the purposes of ha.tching·-water in the absence of a sprino-• 
. e,' 
m California the broo~s, as a rule, are wholly unsuitable for hatching; 
at the East the eggs are hatching in the winter; in California the salmon 
spawn in the summer; and, finally, most of the hatching work is done in 
California before the Atlantic fish begin to 'spawn. 
6.-C.A.TCHING TH:m SALMON IN THE M'CLOUD. 
I tried three ways of capturing the parent salmon; first, by the fo. 
dian trap; second, by a stake-net and pound; third, by a sweep-seine, 
·- 'I I· II !l IJ •• 
I' I I I II : I Il l) :I 
'JI , 1 lw 1 , 111 I bod, of Hweepiug with a seine, worked to perfection. In 
, , 1 , , I t I , I ,t Ii· 1 and especially in one large hole near which it is pro-
p, 1 1•11 ti I ii •· • the hntchiug-works next year, any number of parent 
·1fo10u 1·: 11 lw caught in the proper season. The ouly objection to haul-
ing a 1·11 •· in the1:1e places is, that as the boat taking out the seine turns 
I 11 1·01 w n.. 1n1 •· again, it is drawn near the brink of the rapids, over which 
if wonlll be dangt-rons to go in the night. This is an objection, however, 
"'hich I ill aud nerve cau always overcome. 
7.-TAKING THE EGGS. 
When we fished where the coITal or in closure for the breeding salmon 
was situated, the salmon were taken carefully from the net as soon as 
it was hauled ashore, and placecl in the corral, and kept there till the 
lat:Jt haul was made, just before daylight. The eggs were then taken 
from the fod1 and impregnated, so that by the time the last haul was 
finished, and the net hung up to dry, the eggs were ready to be washed 
and placed in the hatching-troughs. This was all very simple, but 
when we hauled the seine at other points, where there was no place to 
confine the salmon, it was quite different. At these places, as soon as a 
spawning-fish was hauled to the shore, I took and impregnated the eggs 
at onfte, on the beach where we were, and kP.pt the eggs in pails of water 
during the night, till we had got through seining. It took four men to 
strip a fish on these occasions; one to hold the head, one to hold the tail of 
the fish, anc.la third to take the eggs, while a fourth held a pitch-pine torch 
for light. On the darkest nights the scene on the river bank was ex-
ceedingly wild and picturesque. Behind us was the tall, deep shadow 
of Persephone Mountain, and before us at our feet ran the gleaming, 
rapid current of the McClond, while the camp-fire threw an unsteady 
light npon the forest, mountain, and river, suddenly cut off by the dense 
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darkness beyond. The flaming pitch-pine torches, stuck into the sandy 
'beach at intervals of 20 feet, to guide the boatman, the dusky forms of 
a half-dozen Indians coiled around the fire, or stoically watching the 
fishing, the net, the :fishing-boat, and the struggling fish, added to the 
effect, and made a picture which, especially when the woods were set on 
fire to attract the salmon, was one of surpassing interest. It was quite 
impressive, in the midst of these surroundings, to reflect that we were 
beyond the white man'8 boundary, in the home of the Indians, where 
the bear, th~ panther, the deer, and the Indian had lived for centuries 
undisturbe(l. · 
Tb.e eggs were all ta.ken in a dry pan, according to the new or Russian 
method of impregn~tion, and the milt of the male added immediately. 
Contrary to rule, I took a half a panful at a ~ime instead of one layer, and . 
stirred the eggs up with my hal_ld, as you would stir up a pan of flour. 
After they were well mixed and had stood a minute or two, I fiUed up 
the pan with water, gave them another stirring, and left them from 
half an hour to an hour, ·at the end of which time I washed them, and 
poured them into a pail of water, to be taken to the hatching-troughs. 
When the eye-spots appeared, three weeks afterward, almost every egg 
was seen to have a fish in it, which proves two things: one is, that the 
dry method will impregnate almost, if not wholly, a hundred per cent. 
of the eggs; and the other is, that the old precaution, not to take over 
one layer of eggs in the pan at a time, is whotly needless. In fact, I 
believe I could take a ten-quart water-bucket half full of salmon-eggs 
ata time, witµout losing any more than ,by the one-layer method. 
I found that the Sacramento Rfrer salmon (i.e., the McCloud River 
salmon) yield their eggs much more readily than the Eastnn salmon. 
It is not half the work to strip the fish, and they are in general more 
easily handled than the salmon of the Atlantic rivers. 
8,-THE EGGS OF THE SACRA.MENTO RIVER SALMON. 
The eggs of the salmon of the Sacramento are larger and have a 
more reddish tinge than those of the Atlantic salmon. There are less 
eggs to the same weight of fish than with the eastern salmon, seven 
hundred eggs to each pound of the parent fish being a large average. 
We cannot yet tell how the period of incubation of these eggs compares 
wit,h those of the Atlantic rivers, as it was impossible, with the varying 
temperature of the hatching-brook, to get at the exact average tempera-
ture of the water. I may say, however, that the eggs first showed the 
eye-spots in nineteen days, and that they hatched in forty-two days, and 
the estimated average temperature of the water was 580-60? F. 
9.-THE HATCHING-APP ARA'l'US. 
Our hatching-apparatus was all that could be wished. It consisted of 
twenty-four troughs of sugar-pine, 16 feet long, 12 inches wide, and 4½ 
inches deep, the inside surface of which was converted to a coal by 
I I 
(' mn . !ONER OF FISH AND FISHERIES • 
. t 1111 , 1 fnrnisbed almost 400 square feet of batching 
1•1 • hree sets or tiers of troughs, one set below the 
,Lt In , li arranged parallel to each other in each tier. 
1 , three inches from one tier to another. The troughs 
1 i 1 •. rrangement was quite perfect. It consisted of what the 
, · II . .: , box, which is merely an empty box to catch the heav-
• <liment, and of two filtering-tanks proper. The water, after 
, l • :1 , I ml-box, pas8ed through ten filters of sand and gravel and 
, •h <:ommon tilters of flannel. 
11 i J)rO\·ision for cleansing the water did not, however, prevent a 
1 fun • oid growth from coming down with the water on to the eggs, 
111('11 ,,. 11 ~ it wnR first discovered, bad got such a start that its results 
,. disastrou~ bad it not been for the ingenuity of my 
1 1 t 111 t , Mr.John G. Woodbury,of San Francisco. Mr. Woodbury-, 
, 1 ., 1w his ttention called to the condition of the eggs, suggested the 
1 h11 ,l course of washi11g off the fungus with sand and water. The 
n · 111 ,1 I waR to 1mt a few hundred eggs in a pail partly full of water, 
111, l h l in a handful of fine river-sand at the bottom. Upon holding 
1 I , I and sand under a stream of water, the whirling saud 
, l• HI' ht into coutllct with the whirling eggs so constantly and rap-
. a) , ·t 1«1 so gently, that in a few minutes the fungus was entirely 
Ii. 1 ,., n,, the egg~, while the eggs were not injured in the least. 
I would h · a loug and tedious job to go through this operation with 
na , hundred , housand eggs, but with the few thousands which we bad 
t I ••11 , id down thisingeuionscontrivanceanswered its purpose admirably. 
It I llrO()er to say that this plan was not tried till the spinal column of 
I tlsh ha<l appeart••l; otherwise, even the gentle contact of the sand 
·111d water would probably have injured the less-matured embryo. 
10.-PACIBNG AND SHIPPING THE EGGS. 
Tl , only moss I bat I could find or hear of was nearly seventy miles 
• • tl .. north, at tbe sources of the Sacramento, and the best of this moBs 
, w it wbere one of the tributaries of the Sacramento bursts from 
, ,1 rth, .i t the base of Shasta Butte. This was the moss which I 
11 1 r', r pneking, and it was aclmirable. I packed the eggs in two com-
mon wooden boxes, holding about a cubic foot each. A soft but dense 
h. of moss,jnst as it grows, was first placed at the bottom of the box. 
~ t· ., , of eggs was then spread over the moss carpet, then a thin ]ayer 
of moss, aud so on, alternating to the top, as is the usual manner ot' 
packing ova, except that half way up the box a thin wooden rack or 
partition was put in to break the pressure of the upper Jaye1's. These 
two boxes being filled, and the covers being fastened on with screws, to 
avoid the concussion of driving nails, a clozen or twenty holes were 
bored in them to admit the air, ancl they were packed in an open wooden 
crate large enough to admit a layer of hay and straw four inches through 
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on all sides. This open space was filled with hay to weaken the force 
pf concussions and _to equalize the temperature inside. The cover of 
the crate was then put on, and I took them twenty-two miles down the 
stage-road to Redding, and thence one hundred and seventy miles by 
rail to Sacramento City, where, after unpacking the boxes and mofsten-
ing the moss very thoroughly with cold water, I repacked the boxes in 
the crate, and shipped them East, in care of Wells, Fargo & Co., by way 
of the Pacific Railroad. 
· I packed two tin boxes of eggs, also, and inclosed them in pails of 
sawdust, with the expectation of hanging up the pails in the car, and so 
avoid in some degree the jolting of the trains; but on examining the 
car, and considering the number of changes of car between here and the 
Atlantic, I concluded that it was more dangerous to hang them up than 
to have them rest on the floor of the car. Accordingly, an the packages 
of eg!{s were ·carried like any other merchandise, on the floor of the 
express-car. 
Permit me to add that, during the fall, I traveled the whole length 
of the Sacramento River, from its sources around Mount Shasta to its 
outlet at the bay of San Francisco1 and also ascended the McCloud 
River as far as it is accessible, which ia about twenty mil~s, and col-
lected quite a complete series of specimens of the Salmonidm of the Sac-
ramento and McOloud Rivers, a catalogue of which I t,ransmit here-
with. The specimens and accompanying drawings have been forwarded 
to you, at the Smithsonian Institution. 
B-THE SALMONID.2E OF THE SACRAMENTO RIVER. 
11.-THE SACRAMENTO RIVER, 
In order to make what follows more clear, permit me to describe 
briefly the course of the Sacramento River. · 
The Sacramento River proper has its sources in l\fount Shasta, and 
in the Siski~rou Mountains to the west of Mouut Shasta, about four 
hundred miles by the river channel from its outle_t into the ocean at 
San Francisco. A few miles below Mount Shasta, on Shasta Butte, as 
it is called in Califor:Qia, the smaller sources form a clear, rocky; and 
swift-running stream, about a hundred or a hnudred and fifty feet 
across, and so deep that it can jnst be waded with high rubber boots at 
its shallowest part,s. Its temperature is here very low, and probably 
does not average over 50° F. the year round. From this point, for 
nearly eighty miles, it falls at the rate of thirty-seven feet to the mile, 
running nearly due south, and retains its character of a clear and cold 
stream all the way. Down to this point it is known as the "Little Sac-
ramento," and receives the waters of many small streams, but .no large 
ones till it reaches its junction with Pitt River. At this stage of its 
course it has swollen to three times its original volume, and with the 
addition of the contents of Pitt River makes a stream six times the l;mlk 
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which it possessed jm1t below Mount Shasta. It is still a clear ri"er; 
but soon after passing this point it becomes roily, and continues to 
grow more and more so to its mouth. Above the mouth of Pit River it 
flowR through a deep canon, with high hills or mountains on both 
banks• but a short distance below the mouth of Pit River it enters a 
more level country, and from thence to the bay of' San Francisco it 
moves slowly, widening every league, through a level country with 
broad sweeps of prairie on either side, now famous all over the world 
as the wonderfully productive region of the Sacramento Valley. 
About a hundred and fifty miles below the month of Pit River it 
receives the muddy waters of the Feather River, and twenty miles far-
ther down, at Sacramento City, the still muddier waters of the Ameri-
can Fork. From here to San Francisco the Sacramento River is navi-
gable for large vessels and steamers; but receives no other extensive 
tributaries except the San Joaquin, which empties into it at Rio Vista, 
forty miles below Sacramento. · 
It will IJe seen by the abO\~e description that the Sacramento River 
bas but four large tribntarie~, the San Joaquin, the American Fork, the 
Feather River, and Pit River. With the San Joaquin we have nothing 
to do in this report, as it may be regarded as almost an indepeodeqt 
river, and has not come within the scope of the present investigation,. 
I will only say in regard to this river that it is much warmer than the 
Sacramento, but is frequ~nted somewhat. by salmon, especially in the 
t'aJl, wbich are killed in considerable quantities on some of its tributaries. 
The American Fork was formerly a prolific salmon river, hut the min-
ing operations on its banks have rendered it so muddy that the salmon 
have abandoned it altogether, and none ascend it now. Precisely the 
same thing is to be said of Feather River. The salmon com~ up in some 
numbers to spawn in the smaller streams between the American and Pit 
Uivers, bnt the returns from these spawning-grounds are probably smaU. 
The salmon come up Pit River in great numbers in tht, spring, but I 
am informe<l that they all leave Pit River for the colder waters of the 
1\lcCloud Uirnr in the latter part of June or the first part of Ju)y. It is 
probable that they ascend the upller waters of the Pit 1:Uver also to a 
limited extent at this time, but I could obtain no positfre information 
on this point. AboYe the month of Pit River the salmon ascend the 
Sacramento, now ca11ed the Little Sacramento, in great numbers, and 
make the clear waters of this stream the principal spawning-ground of 
the salmon of the Great Sacramento River, with one exception. This 
exception is the McCloud River. 
12.-THE M'CLOUD RIVER. 
This river, which is the great spawning rendezvous of the Sacramento 
sa) mon, deserves special notice both on tl.Jis account, anrl because it is 
on this river that the Unite1l States salmon-breeding station has been 
located. Tbe McCloud River heads iu Mount Shasta and iu the southern 
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slopes of the mountains, stretching away from Shasta Butte easterly and 
soutbeasj;erly toward· the sources of Pit River. Its principal source is 
an immense spring, which bursts out from the southeastern flank of Mount' 
Shasta, and at ouce forms a river from its own supply. This spring is 
fed by the melting snows of Shasta, aud accounts for the unusual cold-
ness and clearness of the McOloud _River. The McUloud receives, near 
it,s source, a tributary about fifteen miles in length, coming from the 
northeast, but there are no other considerable streams emptying into it 
below, and it is said to have this peculiarity, that it is almost as large . 
near its source as it is at its mouth. Through all its course it flows 
r~pidly through a deep .rocky canon of the wildest scenery. The· rocks 
and mountains rise up abruptly from its banks, in many places to the 
height of several thousand feet, and for ten or twenty miles near the 
middle of the river's course are inaccessible. On this account the rh·er 
bas never been surveyed throughout its whole course, and the river chan-
nel, as laid down on the maps, is wholly conjectural, for a considerable 
extent. · · · 
The McOloud River, near its mouth, where the salmon-breeding works 
are placed, aver~ges about 60 yards in width, although in places it flows 
through gulches not over 30 feet wide, and in other places spreads out 
to a width of' nearly a hundred yards. The temperature of the water is 
here, in September, 48~-49° at sunrise, aud 53o_54o at supset. It is sin-
gularlJ' uniform in its temperature, and does not vary two degrees from 
these figures throughout October and November. The _bed of the river 
is here rocky, gravelly and sandy, as it is throughout its whole course. 
The water is as clear as crystal and al ways rapid. The river begins to 
rise in December, and swells to a maximum height of 15 fee,t ahove the 
midsummer level. It is another peculiarity of this river, ( and it can 
hardly be said of any other river in California,) that it has been aban-
doned to the Indians. The miner's pick and shovel have upturned the 
banks of other rivers, or the farms of white men have stretched along 
their waters, but, for some reason or other, the civilized races have very 
singularly left the McOloud River to its aboriginal inhabitants. The 
consequence is, that the McOloud Ri\"er presents an instance of what is 
becoming extremely rare, at least in the more acce.ssible portions of the 
country, namely, a region which is just as it was before the white man 
found it, and a race of aborigines, whose simple habits have not been 
corrupted by the aggressive influence of' communication with the whites. 
13.-THE M'CLOUD RIVER INDIANS. 
The Indians themselves are a good-featured, hardy, but indolent race. I 
found them always pleasant, genial, and sociable, though, like other Indi-
ans, very sensitive when their pride was wounded. They at first adopted 
the plan o~ ordering all white men out of their country, and were the 
last of the California Indians ·to yield to the encroachments of civiliza-
tion. Even now they are not slow to say to the white stranger. "These: 
S. Mis. 74-12 , 
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are my lands," and "These are my salmon;" but the stern consequences 
1 t conflict with the whites have taught them to abstain from any vio-
lent vindication of their rights. They will still always revenge a wrong 
inflicted on them by their own people, and deem it a duty to avenge a 
murder of one of their kindred, but I think they are a well-disposed race 
l nature, and have no malice naturally in their hearts toward any one, 
and will not injure any one who does not first injure them. Every one 
told me, before my arrival and during my stay on the McCloud, that the 
Indians would steal everything that they could lay their hands on. I 
am glad that this opportunity is afforded me of bearing testimony to the 
contrary, which I wish to do very emphatically. I would trust the Mc-
Cloud Indians with anything. We used to leave our things every day 
around the house, and even down on the river-bank, for weeks together, 
where the Indians could have stolen them with perfect safety, and where 
they would not have remained ten minutes in a 'White man's settlemen,t, 
lnd yet I do not know of a single instance of theft of the smallest thing 
on their part, during all our stay of two months among them. On the 
contrary, in one instance, an Indian traveled six miles one hot day to 
return me a watch-guard, which he found in the pocket of a garment 
:hich I sold him, aud which he might have kept with perfect impunit)I . 
... nd on another occasion, on the arrival of some gold coin, when I had 
•!ason to expect an attack from white men, I gav(' the gold to one of my 
Iudians, and told him that I depended on him to protect that and me 
till morning. I ij}ept soundly; and the next morning the faithful Indian 
handed me the gold just as I gave it to him. I wish on these accounts 
to be very emphatic in saying that the charges against these Indians of 
being a race of thieves, are untrue and unjust. 
With all their good traits, however, murder did not seem to ha~e the 
obnoxious character that it has among more enlightened people-
Almost every McCloud Indian we met had killed one or more men, 
white or red, in the course of his life, but it was usually· because they 
were goaded to it by ungovernable jealousy or revenge. It was not from 
motives of gain or causeless malice. 
The McCloud Indians Ii ve and ~leep in the open air in the summer. 
In the rainy season they build wigwams or huts of drift-wood and dry 
logs, which they inhabit pretty comfortably through the winter. In the 
summer and fall they live mainly on the salmon and trout which they 
spear. In the winter they live on the salmon which they catch and dry 
in the fall, and on acorns, which they gather in great quantities in the 
woods. They hunt with bows and arrows, with which they occasionallf 
kill a bear, though a few of tlre more enterprising have rifles. They 
trap a very little, but the salmon of the river are so abundant that they 
are not obliged to resort to hunting and trapping at all, and do not do 
much of either. 
I have made this long digression about the McCloud River Indians 
partly because their presence here is so singularly connected with the 
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abundance of the salmon in the Sacramento River. Had white men 
come hen', and re(]uired the salmon for food, this main artery of the 
supply system of the river wonld have been stopped; or had white men 
come and engaged in mining, as tliey have done on the Yuha and on 
the Feather and American Rivers, the spawmng-beds would ha,·e been 
covered with mnd and ruined, as iu those riYers: and in less than three 
years the salmon supply of the Sacramento would have s~10wn a vast 
decrea:-;e. Tlle presence of the Indians, therefore, as far as it implies 
the absence of the whites, is the great protection of the supply of tlle 
Sacrarnrn1to salmon. 
14.-'.L'HE CLIMATE OF THE M'CLOUD RIVER, 
The rains come on a little earlier here among the mountains than lower 
down iu the valleys, and continue a little latel' in the spring. It is wet, 
therefore, from November to l\fay, and dry from May to November. The 
winter:-; are mild, a very little snow fa.Hing occasionally with the rains. 
The smnwcr and fall days are extremely hot, but the nights are cool, 
and in tl1P, fall are very cold compared with the da.ys. In consequence 
of this the variations of temperature in the fall during the twenty-four 
hours al'(\ extreme. For ma,11y day~~ together in September the mercury 
rangr<l from G5° Fabr. at snnriRe to 10[)0 in the shade at 11 a. m., mak-
ing a variation of 50° in fl.ye honrs. On some days the variation was 
60°, a]l(l on one occasion nearly 70° in the same length of time. I have 
seen ice fornrnd in our fishing-boat at night within ninety-six hours of a, 
noon temperature of 110°. The hot days continue till N ov-embcr, and 
even extend into N oYem ber. There were many successive days in Octo-
ber ·when it was over 100° in the shade. The hot hours of the day were 
usually from 11 a. rn. till 4 p. m. From 8 a. m. to 11 a. m. the rise of 
temperature. was Ycry rapid, and from 4 p. m. to 7 p. m. the fall was 
equally rapid. 
I lrnve been Rpeaking of the climate of the McCloucl at our salmon 
station, uea.r its month. As yuu ascend the McCloud the weather grows 
cooler, the rains last longer, and at its head waters, in winter, there are 
deep snows. · 
15.-'l'HE SACRAMENTO SALMON IN GENERAL. 
Ti1e Sacramento salmon in its prime is a large, handsome, silvery fish, 
averaging a.bout 20 pounds in weight, as they are caught at Rio Vista, 
the main fiHhing ground of the river.* These salmon Lave a darker 
shade and deeper bodies, and are less delicate in form, and slightly 
coar,:,;er in appearance than the Atlantic salmon. They are also heavier 
looking, less silvery, and prolmbly less vigorous than the eastern salmon. 
It is Ho difficult to determine wllether they differ from the eastern 
salmon in qnality, as food, that it is quite safe to say tllat if tbey are not 
---- - - ---- ---------------------
* 8a,lmou woig-hi11g- from 40 to 50 pournls are not uncommon; and once in a great 
while one is caught exceeding 50 poundH in weight. 
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11 11 ,111~ 11 thPir eastern kindred, as a table luxury, they are so near tli1 1 the difference, it' any, is not an important one. Their flesh in 
t 1 •i 11 ime i • firm, weet, rich, andjnicy, and is certainly good enough 
to mak • them a desirable fish in any river in the world. (See question 79, 
I'· t !l.i. ) - . · a game-fish they are act.ive and powerful :fighters, and are only 
couq, · • l •1 fter a hard straggle. They are caught with a hook and line 
in •• It and brackish waters, and also in the fresh waters of the upper 
tributaries.· Salmon roe is the best bait in fresh water; but they will 
also :1ke the artificial fly. Last July hundreds of salmon, averaging 
15 pounds apiece, were caught in the Little Sacramento with a hook and 
line, near Frye's Hotel, at Upper Soda Springs, in Siskiyou County, Cal-
ifornia. It is not an uncommon but a common thing to catch salmon 
here wi'-h bait; which settles the question beyond dispute as to the Sac-
ramento salmon biting at a book in fresh water. 
The Sacramento salmon, like all other salmon, fall off in size, weight1 
qnality, and beauty from the time they enter fresh water. A week or 
two before they spawn they become very black, then smooth and slimy, 
their scales being absorbed into the skin. Soon after this they become 
foul, diseased, and ,rery much emaciated, and in the McOloud n.iver, at 
least, they die a short time after spawning. 
16.-GENERAL MOVE:\IENTS OF THE SAORAMENTO SALMON IN '.l'IIE 
LOWER PARTS OF '.l'HE RIVER.• 
The prime salmon first make their appearance in the tide-water of the 
Sacramento, the early part of November. They are then very scarce, 
only three or four a day being at first caught at the great fisheries. 
They are at thiR time 18 cents a pound at wholesale, and 25 cents a, 
pound at retail. They increase gradually in numbers, through Novem-
ber and December, and the retail price falls to 20 cents. By the middle 
of January they are somewhat mc;>re abundant in the bay,'but few con-
tinue to be caught up the river. They remain scarce, or, rather, not 
abundant-more all the time being caught in the bay than up the river-
until the 1st of March, when they begin to pour up the river in vast 
quantities. This flood of salmon lasts through March, April, and May, 
making these months the harvest months of the river fishermen,t both 
because the salmon are plentiful and because they are in good condition. 
The run cnhninat.es the last of A1>ril, or first of May. They are then 
the most abundant. They fall off from this time gradually in numbers 
and condition through May, and become comparatively scarce in June 
and July, and the first part ot August. Before the end of August a 
It shoulcl be understood that the account given he1·e and elsewhere in this report of 
the salmon of the main Sacramento river applies only to the salmon above tide-water. 
t Eleven thousand three hundred and ninety-four salmon. were sent down the river 
t.o San Francisco lMt March (1872) by one line of river-boats. It is estimated that five 
thousand more were salted on t,he river. This makes a yield of sixteen thomm,nd three 
hundred and ninety-four fish, or about three hundred thousand pounds, in the month of 
March, makiug no allowance for other sources of outlet, which Wt:lre conshlerable. 
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' I "th . . new rnn commences, and, to quote the fishermen s wons, e river 1s 
full of them." Tlle quality of this fish is very poor compared with the 
winter aud spring runs, which circumstance, connected with their great 
abundance, makes them a drug in tl~e market at this time. They can 
now be bougllt at 3 cents a pouud, and even for less, as tons of them 
are thrown back into the river for want of purchasers. This abundance 
continues through September, the quality of the fish remaining very 
poor. In October the numbers fa,11 off again and continue to lessen, till 
the new winter run begins again in November. 
The following table, according to months, shows the condition of the 
Sacramento Hiver, in regard to the salmon, at Sacramento: 
Month. Numbers. Quality. 
J mrnary.. . . . . . . Increasing, but not abundant...... . . . . . . . . . . . . . . . Prime. 
FelJl'nary....... Increasing, hut not abumlaut ............. _ ... _... Prime. 
March ......... Very abundant ...... -----· ...................... Prime. 
April. .......... Very abnll(laut .......................... ---· .... Nearly prime. 
May ..... __ ..... FnJliug off, lrn ~ still abundant ....... _.. . . . . . . . . . . Nearly prime . 
• Jnnc ........... Sonrnwlrnt scarce ................................. Inferior. 
July ........... Somewlrnt Rcarce ................................. Inferior. 
Angnst ......... Vt>ry itlmrnlaut iillleed ........................... Very poor. 
Snptemher...... Ah111'1<la11t ......... _ .......................... __ . Very poor. 
Octolwr ........ Falling off. New rnu begins ..................... Very poor. 
Novmuher ...•.. Very .scarce ...................................... Very fine. 
Decem her" . . . . . Scarce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Very fine. 
17.-GENERAL MOVEMENTS, ETC., OF THE SA.CR.AMENTO S.A.LMON IN 
'.l.'HE M'CLOUD RIVER. 
It will be seen by the previous notes tllat tllere are salmon in the Lower 
Sacramento every month in tlle year. It is not so in the upper trilmta-
ries of the riYer, as for instance, in the Little Sacramento, or in the Mc-
Clond. Tlle salmon haYe stated times for arriving in tlle upper tribu-
taries and for remaining in them, and at other periods of the year there 
are no salmon in these streams. 
'l'he salmon arri ,Te in the mouth of the McOloud in March, but are 
scarce in that month. In April and May they become plentiful but are 
not large, the average weight not exceeding ten or twelve pounds. They 
remhin plentiful through June and July, during the latter part of which 
months they receive au accession. from Pit River, t~e lower part of which ' 
river now becomes nearly deserted by the salmon. In August, tltere is 
a large run of salmon up the l\'IcCloud, composed of larger fish. The 
salmon are now, in August, the largest and most abundant of any time 
in the year m the McOloucl. Tlrn_y begin to spawn in the lower portions 
of the McClou<l during the last half of August. By the middle of Sep-
tember the salmon begin here to die, and from this till the end of the 
month they die very rapidly, and tllere are thousands of dead salmon 
floating down the stream and being washed up to the banks. The bears 
"In DecP-mber, January, aud February, the salmon are more almndaut in the lower 
parts of the rl ver than further up. 
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1 , ,. mt· down to the river in great numbers to eat the salmon, and the 
t, p spearing and go bear-hunting. About this time-the latter 
,•p 11ber-a new run of salmon makes its appearance in the 
h• 'h,11 , called the" fall run." They were not by any means plentiful 
tbi ~ , ·11 , (1872,) bnt kept the river from being actually deserted by sal-
mon for a month or more. During October there are no salmon in the 
lcOloud, except the few new-comers of the "fall run," and by the 1st 
111' ovember an the salmon are gone from the river except one or two 
individnal stragglerR here and there. By this time the Indiarn~ have all 
Ii •i1 salmou dried and packed away for winter. Some of the Indians 
111 ,.. • moved back into the woods, while thoae that remain on the rhyer 
11. ve built little wigwams of drift wood, to protect them from the winter 
rains, and have gone into winter quarters. From November till March 
there are no salmon in the McCloud Rfrer. 
All I could learn about the young salmon in the river was that in 
May the young fry, about two inches long, are very abundant. Soon 
after this they wholly disappear, and their destination is unknown.. 
During my stay on the McOloud through August, September, and Octo-
ber, I saw no small fish which I recognized as young salmon, nor could 
I learn from any source where the young salmon w~re. Their where-
abou at this season still remains a mystery. 
18.-CONDITION 01<' THE SALMON DURING THEIR STAY IN 'l'HE M'CLOUD 
RIVER. 
In March, when the salmon first arrive in the McCloud, they are in 
fine condition. They are now bright and silvery, with shining scales. 
They arc fat and excellent for the table, but not large. The spawn in 
the females is very small. Their flesh is of a deep-red color. The males 
and females are almost indistinguishable at this time. This state of 
things remains till Angost, except that the salmon gradually deteriorate 
in quality, and the eggs increase in size. The first marked change in 
the fish takes place a little before the middle of August. The salmon 
then become very black. The males grow deep and thin, and the dog.-
teeth begin to show themselves, and to increase rapidly in size. The 
females are now big with spawn, and the sexes are easily distinguish-
able. From this time they rapidly deteriorate. Their flesh shades off to 
a light, dirty pink. They become foul and diseased, and very much 
emaciated. Their scales are wholly absorbed into the skin, which is of 
a dark olive hue, or black. 'Blotches of fungus appear on their heads 
and bodies, and iu various places are long, white patches where the skin 
is partly worn off. Their fl.us and tails become badly mutilated, and in 
a short time they die exhat.LSted. By the 1st of October most of the fish 
that were in the river in August are dead. The height of the spawn-
ing-season in 1872 was about the 8th of September. The salmon had 
begun to spawn when I arrived on the McCloud, the 30th of August. 
By the middle of September nearly all the salmon had spawned, except 
the " fall run." 
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Pable showing the rnovement8, conrlition, etc., of the Scwr((,Jnento salmon in 
the llfcCloitd river in ecwh month of the yecir: 
Months. Numbers. Quality. 
.January ... . None .............. . 
Fehrnary .. . 
Mareh 
April. ..... . 
May ...... . 
None .............. . 
Very frw ....•...... 
Almudant ......... . 
Almnclant .•........ 
Prime .. _ .......... . 
Prime ............. . 
Falling off slightly .. 
June...... . Abundant . . . . . • • • • . Falling off slightly .. 
July .••••.. AhunJ.:rnt ........•. 
August .... Very ahuudant ..... 
September .. Very abundant, but 
djring rapidly. 
October . . . . All dead exeept fall 
run. 
November.. None bnt one or two 
Htragglers. 
December . . None ....•.......... 
Considerably detcri• 
orate1l. 
Large foih, hut b1ack 
and poor. 
Foul, emnciated, and 
mui,ilatcd. 
Fall nm, consillere<l 
not had. 
Remarks. 
Tront now spawning. 
River very high. 
Do. 
Tront h:i.ve sca.rlet bands. 
Young salmon fry abun-
dant. 
Fir:,;t appearance of snlmon 
at head-waters of Little 
Sacrnmen to. 
Beginto spawn at head-wa-
ters. 
B,~p;in to spawn 011 lower 
McCloud. 
Gone from head-waters. 
Tront will not bite on Mc-
Cloml. 
First rains. 
Tront aRcend small st.reams 
in great numbers. 
rl.'able showing the condition of the ovci of the sa.llnon at the hea.d•waters of 
the Little Scwramento, (Mount Shasta,;) at the Lower Mc Cloud; a,t Tehama; 
at Rio Vista and Sacrcwwnto C-ity, and at "Eel River, Hmnboldt County, 
California. 
Months. 
Mount Shast._ I 
,Ja1rn:1ry .. No salmon .... -
F1•.hr11a'ry. No Hal111ou .... . 
March .... No Hn1mon .... . 
April..... No salmon ... _. 
May ...... No Ralrnon .... . 
.June ...... Qnite large ... . 
July ..... Hipe .......... . 
AngnHt ... I1ipe .. ~········ 
September Spawmug sea• 
HOil over. 
Oetober... Spawning sea• 
sou over. 
NoYembcr. Spawning sea• 
son over. 
D0ccmher. Spawning sea• 
son over. 
CONDITION OF OVA AT-
McCloud. Tehama. Sacramento City E 1 R" T and Rio Vist:.t. e n er. 
-------1------1-----------1-----
No salmon ..... No salmon .. 
No salmon ..... No sa1mon .. 
Small ......... NoHalmon .. 
S1n:tll. .................... . 
I,arger..... . . . . . . . . . . . . . . . . 
Larger .................... . 
Well developed ....... _ .... . 
Ripe ........ . .. . .......... . 
Ripe ...................... . 
Very small... . . Ripe .. _ .. 
Very sm:tll. ...... __ ..... . 
Very snmll ... _. . . . ...... . 
Larger ............•..•••. 
Larger. . . . . . . . . . .. _ ... _ .. 
Larger. _ ... _ . . . . . _ ... _ ..• 
Quite a,dvance<l ......... _. 
Ver:y large .............• 











Ripe.··-··· Very small ..... 
Rpawn in g Very small..... Ripe .... -' 
season over. 
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19.-ANSWERS TO QUERIES CONCERNING THE SACRAMENTO SALMON, 
GIVEN IN THE ORDER OF PROFESSOR BAIRD'S PRINTED LIST OP 
QUESTIONS ENTITLED " QUESTIONS RELATIVE 1'0 THE FOOD FISHES 
OF THE UNITED Sl'ATES. 
(The capital letters indicate the topics; the figures refer to the ques-
tions.) 
A.-NAME. 
Question 1. What is the name by which this :fish is known m your 
neighborhood t If possible, make an outline sketch for better identi-
fication. 
Answer. The salmon of the Sacramento River which are caught at 
or below Sacramento City are known by the name of the Sacramento 
salmon. The salmon which are caught above Sacramento Oity take the 
name of the stream or the locality at which they are. caught, as, for in-
stance, the salmon caught in the mill-brook near Tehama are called 
Tehama salmon. So with the McCloud salmon and Pit River salmon, 
although all these ti.sh are the proper Sacramento salmon. The grilse 
is very often calJed the salmon-trout, which confusion of names is likely 
at first to mislead a new-comer. In every instance which came under 
my observation on the tributaries of the Sacramento I found that sal-
mon-trout invariably meant only a salmon grilse, with the single excep-
tion of the wye-dar-deekit. tSee No. 27 and No. 68 of the catalogue ot 
specimens.) 
The spawning male salmon of the tributaries is called the dog-salm<nt 
or dog-toothed salmon, and is supposed by the uninformed to be a differ-
ent fh,h from the Sacramento salmon, though it is the same in a different 
stage. 
The Indian names for the McCloud i,almon in their different stages 
are as follows: 
Salmon ••••••• __ •••• N6o-oolh. 
l\fnle salmon .••••••• Charrk. 
:.,emale salmon. _ ••• K6-raisch. 
Grilsc _ •••••••.••••• K6-rii'llch. 
Black salmon ••••••• Choo-160-loo n6o-
onlh. 
White (emaciated) 
ulmon •••••••••• -Aee-teppem. 
Late "Fall salmon" -Eee-par-teppem. 
McCloud salmon __ ._ Winni-mame n6o-
oolh. 
Young salmon fry ... K6o-ooMt noo-oulh. 
Salmon eggs_. __ •••• Poo-oop. 
Salmon skin ••••• _ •. N 60-oolh irritcha. 
Dead salmon .••••••• Min-nal noo-oolh. 
(For outline sketch of salmon see drawings accompanying the Smith-
sonian specimens.) 
B.-DISTRIBUTION. ' 
Question 2. Is it found throughout the year, or only during a certain 
time; and for what time f 
Answer. Salmon are found in the Sacramento RivP.r, at and below 
Saeramento City, at all times of the year. They are found in the Mc-
Cloud River from March to November. (See tables, pp. 181 and 183.) 
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Qnestion 3. If resident, is it more abundant at certain times of the 
year; and at what times "? · 
Answer. Salmon are most abundant in tbeLowerSacramento in March, 
April, May and August. In the McOloud, they are most abundant in 
August. 
0.-ABUND.A.NCE. 
Question 4. How atmndant is it, compared with other fish 1 
Answer. Salmon in the Sacramento are much more abundant than 
any other fish. 
Question .5. Ilas the abundance of the fish diminished or increased 
within the last ten years, or is it about the same 0? 
A1rnwer. The fishermen say that T,he salmon in the river are as 
plentiful as ever they were, (although I see that the California fish com-
missioners report differently,) and that if anything they have been 
more almmlant the last three years. The year 1866 was an exceptional 
year. The salmon were then very scarce, the river being almost destitute 
of them. The fishermen attributed it to the unusually muddy water of 
the riYer, caused by the mining that year. Some thought that there 
was a falling off in 1864 and 1865, but they are not all agreed on ,this 
point;. In 1867, the salmon were as abundant as ever in the Sacramento 
River, and have remained so since. 
It should he stated here that the salmon which used to abound in the 
Feather and American RiYers have been wholly driven out by the min-
ing, without, however, appearing to affect the abundance of the salmon 
in the main river. 
Question 6. If diminished or increased, what is the supposed cause! 
Answer. See question 5. 
Question 7. What is the amount, or extent, of the change in abun-
dance 0~ 
Answer. See question 5. 
D.-SIZE. 
Question 8. What is the greatest size to which it attains, (both length 
and weight,) and what the averaget 
Answer. The greatest size to 'Yhich the Sacramento salmon attain 
is from 50 to 60 pounds. Mr. S. R. Jones, of Sacramento City, has seen 
one eaught at that point that weighed 51 pounds. He says he has heard 
of one, at San Francisco, weighing 60 pounds. Salmon weighing be-
tween 40 and 50 pounds are not uncommon. The average weight seems 
to be ahont 20 pounds for: spring-salmon, and 23 pounds for su.mmer-sal-
mon. The longest sailmon that I saw, measured 38 inches. This length 
is probably seldom exceeded rnneh. I should judge the average Ieng-th 
of the salmon to be about 30 or 32 inches. 
Qne:-;;tion 9. State the rate of growth, per annum, if known; and the 
size at one, two, tliree, or more years. 
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Answer. The rate of growth per annum is not known. The grilse 
in the McCloud River, which were supposed to be eighteen months old, 
measured from 18 to 24 inches in length. The theory is that salmon are 
fall-grown at the age of about three years. It is also known that the 
young salmon in the McCloud, in May, are 2 or 3 inches long, from which 
the following conjectural table may be formed : 
Length. 
Young fry, a few months o]d ................... :. . . . • 2 or 3 inches. 
Grilse, eighteen months old. . . . . . . . . . . . . . . . . . . . . . . . . . 18 to 24 inches. 
Salmon, about three years old, (average).............. 30 inches.' 
Question 10. Do the sexes differ in respect to shape, size, rate of 
growth, etc. f · 
Answer. During the fresh rnns of the wintier and spring, the sexes 
differ very slightly, if any, in shape or general appearance. The male 
may possibly be a little more curved in the jaws, and a little less plump 
along the sides of the abdomen, but these differences a.re but slightly 
defined. The difference is also very slight through the surrrmer, but in 
the fall the distinctions of the sexes are very marked. The now fully 
developed ova of the female gives her sex a peculiarly rounded and 
plump appearance, and the shape and expression of her head does not 
change much. On the other hand the male grows very deep and thin. 
His head flattens, his upper jaw curves like a hook over the lower, his 
eyes assume a peculiarly sunken and malicious expression. Large, 
powerful white teeth,like dog's teeth, appear on both jaws, and the whole 
creat.nre acquires an ugly and ferocious appeara nee. As to the com-
parative rate of growth of the two sexes, although I have not noticed 
that the males are larger than the females in winter and spring, I have 
always observed that they are considerably larger in the spawning sea-
son. Allowing the average age of both sexes to be· the same, it would 
consequently appear that the rate of growth of the males is greater than 
that of the females. 
E.-MIG-R.A.TIONS AND MOVEMENTS. 
Question 11. By what route do these fish come in to the shore; and 
what the subsequent movements Y 
Answer. All the fishermen a~ree that most of the Sacramento salmon 
come down the coast. fro~ the North. On arriving at the mouth of the 
river they spend some time in the bay of San Francisco. Two weeks 
aft.er their arrival in the bay, they make their appearance at the head 
of tide-water. At this point they seem to wait some time, the fishermen 
being of the opinion that they play about here for a period, and actu-
ally go up a 1itt1e ways into fresh water and return to tide-water again. 
It is more than fonr months after their appearance in the bay of San 
Francisco before they enter the colder tributaries of the river, as, for 
instance, the l\foOlond and Little Sacramento, one hundred and seventy 
miles north of the head of tide-water. They do not reach the sources 
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c:,f the Sacramento for two or three months after entering the mouth of 
-the McCloud and Little Sacramento. There are, therefore, seYen months 
between the first appearance of the salmon at the mouth of the Sacra-
mento and their arrival at its sources four hundred miles above. They 
lea\Te the Ronrces of the river by August, the colder tributaries by Sep-
temher, the Sacramento proper by November or December, during which 
latter mouths the new winter run is beginning to come up. 
Question 12. By what route do they ]eave the coast"? 
Answer. Not known. 
Qucsi:;ion rn. Where do they spend the winter season , 
Answer. Mostly in the ocean. There are a limited num her in the 
winter in the bay of San Francisco and tide-waters of the Sacramento. 
Question 14. v\Then are the fish first seen or known to come near the 
shore, and when does the main body arrive; are the first the largest; 
are there more schools or runs than one coming in, and at what in-
teryals 0? 
Answer. The salmon first appear inshore in No\Tember, (the win-
ter run.) The main body arrives at the head of tide-water in March 
and April, (the spring mn.) There is another large run up the river 
in August, (the summer run.) The first are the smallest; the last 
rnn, in August, are the largrn.;t. There are three annual runs of salmon: 
up the main Sacramento; the spring run, beginning in March; the sum-
mer run, beginning in August, and the winter run, beginning in No-
vember. The intervals between the runs are as follows: From winter 
run to spring run, no interval; from spring run to summer run-
May to Augnst-two mouths, the beginning of the spring run joining 
on to the end of the winter run. From summer run to winter run-
September to November-one month. 
Question 15 ... When do the fish leave shore,and is this done by degrees, 
or in a body"? 
Answer. Not known. 
Question lG. Is the appearance of the fish on the coast regular and 
certain, or do they ever fail for one or more seasons at a time, and then 
return in greater or less abundance1 If so, to what cause is this as-
signed"! 
Answer. The appearance of the salmon at the mouth and at different 
points of the river i8 quite regular, a variation in the runs of two weeks, 
depending 011 the rains, (early and copious rains bringing early runs,) 
being the greatest irregularity. Their appearance is also very certain, 
the year 180G being the only year since California was settled when the 
salmon di(l 11ot mn up the river as usual. This year they we,re very 
scarce. The fishermen, in their wish to represent it strongly, say, 
"There were no salmon in the river in 'G6." They attribute the extraor-
dinary dearth of salmon that year to the muddy water, occasioned by the 
mining. Tlw rains alft•ct the rmrning- of the Ralmon to a limited degree, 
in two w:1yR-t!1e earJiPr the rains come, the earlier the s11Imon ascend 
the river, and the greater the rain-fall, the longer the run of fish. 
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Question 17. How do the runs differ from each other in number and 
size , 
Answer. The winter run is small, and consists of comparatively 
small fish. The spring run is larger, and contains larger fish. The sum-
mer run is the largest of all, and is composed of the largest :fish. 
Question 18. Which sex comes in first; and how far advanced is the 
spawn in the female on first arriving! 
Answer. It is not known which sex comes :first. The spawn is ex-
ceedingly small when the :first salmon come in from the ocean in N ovem-
ber. It is larger in the spring run, and still larger in the summer run. 
Question 19. Will either sex, or both, take the hook on first arriving; 
and if so, is there any period of the stay of the fish when they refus~ iU 
Answer. The salmon of both sexes take the hook in salt and brackish 
water and at the fresh and cold sources of the tributaries, but at no 
intermediate place that is now known. 
Question 20. It' they refuse the hook at first, how soon do they begin 
to take it after arriving f 
Answer. See 19. 
Question 21. Do the schools of fish swim high or low; and is their 
arrival known otherwise than by their capture; that is, do they make a 
ripple on the water: do they attract birds, &c. 'f 
Answer. In winter the salmon swim low; in summer they are in all 
depths of the water. The water ·is so muddy in the Sacramento that 
they are only discovered by their capture. In the cold tributaries form-
ing their spawning-grounds they are seen by thousands in the water, 
and jumping out of the water, and swimming with the dorsal fin cutting 
the surface. 
Question 22. What is the relation of their movements to the ebb and 
flow of the tide f 
Answer. The salmon are generally moving against the tide. The 
fishermen watch the tide, and fish with it, so as to encounter the salmon 
swimming toward the net.• 
Question 23. Does spawn ever run out of these fish taken with a 
hook t 
Answer. The spawn sometimes runs from the salmon taken with a 
hook at the head-waters of the Little Sacramento. 
Question 24. Answer same question in regard to fish taken in nets or 
pounds; is the spawn ever seen in any quantity floating about inside of 
nets ! 
Answer. The spawn never flows from the salmon caught in nets, ex-
cept when they are taken on their spawning-beds. 
Question 25. Are these fish auadromous; that is, do they run up from 
the sea into fresh water for any, and for what, purpose! 
'The water of the main Sacramento is so muddy that the fish cannot see the net till 
close upon them; consequently the fishing in this river can be done in the day-time, 
while in all other clear rivers the nets must be drawn at night. 
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Answer. Yes. They run up into fresh water to spawn. 
(luestion 2G. If anadromous, when are they first seen off the coast 
when do they enter the mouths of the rivers, and what is the rate of 
progression np stream'? 
Answer. Bee question 11, p. 186. 
Question 27. If anadromons, what is the length of their stay in fresh 
water, and when do they retllrn to the sea, 1 
Answer. See questiou 11, p. 186. 
Question 28. Do the different sexes or ages vary in this respect, 
Answer. Not known. 
Question 29. Do these fish come on to the breeding-grounds before 
they are mature; or do you find the one or two year old fish with the 
oldest f 
Answer. :Male grilse, small and large, are found on the breeding-
grounds, with the mature fish, but I have never seen a female grilse on 
the spawning-grounds or anywhere else. 
Question 30. What are the favorite localities of these fish; say whether 
in still water or currents; shallow or deep water; on the sand; in grass; 
about rncks, &c. 1 
Answer. As a rule, I think the salmon keep in holes, and in deep 
and sheltered places. When they are spawning, or getting ready to 
spawn, they leave the holes and stay on the rapids. 
Question :n. vVhat depth of water is prefer-red by these fish 0? 
Answer. They prefer genera,Ily the deepest water they can tiud in the 
rivers, except when spawning, and then they are seldom found in more 
than fonr or five feet of water, and are satisfied with less than will cover 
their <loi;-sal fins. 
Question 32. What the favorite temperature and general character of 
water 'f 
Answer. In spawning they seek a te'mperature below 55° F., and do 
not avoid a temperature as low as 45°. The temperature of the lower 
MeUlond was 48° at sunrise and 53° at sunset, during the spawning-sea-
son. 'l'he mercury falls two or three degrees below these figures on the 
spawning-grounds of the sources of the Little Sacramento. The water 
in the J\foOiond and Little Sacramento is very clear, swift, and cold. 
The water of the main Sacramento is always muddy. 
F.-RELA'fIONSHIPS. 
Question :33. Do these fish go in. schools after they have done spawn-
ing; or throughout the year; or are they scattered and solitary? 
Answer. 'l'he salmon ahvays go in schools. Whenever they are found 
solitar.Y arnl scattered it is because there are too few to make a sclwol. 
Questiop 3J . .Have they any special friends or enemies 0? 
Amnvcr. The seals and sea-lions are very destructive to the salmon 
in the salt waLcr. Cuts and scars are often seen 011 the salmon, where 
they have been bitten by seals. They eat the bodies and leave the 
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beads. Eleven salmon-heads were once caught at Wood's Island, from 
which the bodies had been eaten by seals. Fishers and otte~, and fish-
bawks, also destroy them in fresh water, but not enough to affect their 
numbers much. They have no friends that I am aware of, except fish-cul-
tnrists a11d fl.sh-commissioners. 
Question 35. To what extent do they prey on other fish; and on what 
species! 
Answer. Their food is similar to tl1at of the Atlantic coaRt salmon 
while they are in the salt water; but they eat nothing in fresh water. 
Question 36. To what extent do they suffer from the attacks of other 
fl.sh, or other animals Y 
Answer. See question 34, p. 189. 
G.-FOOD. 
Question 37. What is the nature of their food Y 
Answer. See question 35. 
Question 38. Are there any special peculiarities in the manner of feed-
ing of these fish Y 
Answer. They eat nothing in fresh water, but probably eat voracionsll 
in the ocean, their growth in salt water being so extremely rapid. 
Que lion 39. ·what amount of food do they consmne t 
.Answer. See question 38. 
H.-REPRODUCTION. 
Question 40. Is there any marked change in the shape or color of 
either ficx during the breeding-season; or any peculiar development of 
or on auy portion of' the body, as the mouth, fins, s.cales, &c. ¥ • 
Answer. At thfl spawning-season the changes, especially in the male 
salmon, are very marked. Botq sexes lose their bright and silvery coat. 
Their scales become absorbed into the skin, which grows very slimy and 
perfectly smooth, like that of' a catfish or horn-pout. Their color changes 
into a dirty black, and then into a dark, unclean olive color. Blotches 
or fungus, and large patches of whit.e, caused by abrasion of the skin, 
appear all over them. Their fins and tail become mutilated. Their 
bodies grow foul and emaciated. (The bead of the male changes as de-
scribed under question 32.) Their eyes get more or less injured; they 
often become blind; swarms of parasites gather in their gills, and stick to 
their fins. Their bodies reach the extreme point of attenuation, and, as 
soon ~ · the spawning is accomplished, they die. 
Question 41. Are there any special or unusual habits during the 
spawning-season . 
Answer. They lose their shyness at the spawning-time, so that they 
will not avoid a person standing a few feet from them, at the water's 
edge. I attributed this to their state of great exhaustion. 
Question 4~. Is spawning interfered with by lines or nets, or other-
wise I 
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Answer. Not at all on the Mc Cloud and "Li.ttle Sacramento." At 
Tehama the Halmou are (tll destroyed by fishermen, or nearly all. 
Qncstiou 43. At what ago 1.loes the male begin to breed; and at what 
age the female 1 
Answer. Probably, the male begius to breed eighteen months after 
hatching. The female probably does not breed till one year later. 
(See question 29, p. 180.) 
Qnestiou H. For how many years can these fish spawn? 
Answer. :N"o one knows. It is certain, however, that the salmon of the 
McOlond an<l Little Sacramento do not spawu but ouce in those rivers, 
for they aU die after spawning. If they e-ver spawned before, it must be 
somew1tere else, and they can never spawn again. There -were fish iu 
thn McUlotHl thiH fall, 1sn, that seemed to be several years old. They 
died lilrn the rest, audit is a puzzling question where they spent the two 
or three previmrn years. Other puzzling questions are called out as, for 
instance, \Vhy did they not come into the McClond last year'? If they 
went el:·mwlwre last year, why di.d they not go to the same place this 
yead If ;111 the salmon die after the first ::.;;pawning, how is the stock of 
mature th,h kept up -~ &0., &c. These questions must remain unan-
~were<l for the present. The fact alone remains that ninet.y-uine one-
hnrnlre(lth:~, if notal1 of the salmon iu the upper t.·ibntai'ies of the Sacra-
mento Hi ver, appear to die immelli::ttely after tLeir first spawning in 
those i:.;;trnams, nuless the few stragglers of tLe ,~ fall run" be an excep-
tion. 
QaestJon 45. Does t]w act of spawning exert an injurious effect? 
Answtir. ·whatever the effect of the spawning may be, it is certain 
that the i:.;;pa,i,cning fish die as soon as it is over. 
Qnestion 4G. Where do these fish spawn, and when? 
Arrnwer. The Sacramento salmon spawn as follows: At the sources of 
the river, in July; in the Little Sacramento and in the McCloud rivers, 
in August; at the mouth of the l\fcCloud, iu September; in smaller 
tributaries of the main river at and below Tehama, iu October and 
November. 
Qnestion 47. Can you give any account of the process: whether males 
and females go in pairs, or one female and two males; whether the sexes 
are mixed ill(liscriminatPly ~ &c. 
Answer. The fii:.;;h pair off arnl spawn very much according to the com-
mon descriptions of the spawning of other salmon. The males are very 
aggressive at this season, and are always attacking other fish near them. 
Question 48. Is the water ever whitenetl or colored by the milt of the 
male j? 
Answer. Never to a noticeable extent. 
Question 4U. \Vhat temperature of water is most fayorable for hatch-
ing i 
A11:-nrnr. 45° F. to 500 F. 
Question 50. At what depth of water are the eggs laid, if on, or near 
he bottom 1 
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Answer. The eggs are laid on the bottom, usually in from 1 foot to 4: 
feet of water. 
Question 51. What is the size and color of the spawn t 
Answer. The spawn are very large, being not far from a quarter of 
an inch in diameter. Their color is a deep salmon-red. 
Question 52. What is the estimated number for each fish; and how 
ascertained 1 
Answer. In the McCJoud the number of eggs averaged about 700 to 
each pound of the parent :fish; a 10-pound :fish giving 7,000 eggs. This 
was ascertained by weighing the :fish and counting the eggs. 
Question 53. Answer the question for one season, and for the lifetime I 
Answer. See question 52. 
Question 54. Do the eggs, when spawned, sink to the bottom, and be-
come attached to stones, grass, &c., or do they float in the water until 
hatched 1 • 
Answer. See question 55. 
Question 55. Do the fish heap up or construct any kind of nest, whether 
of sand~ gravel, grass, or otherwise; and, if so, is the mouth, the snout, 
or the tail used for t,he purpose, or what; and, if so, how is the material 
transported; or do they make any excavation in the sand or gravel! 
Answer. The parent salmon dig a nest in the gravelly and stony bed 
of the rh'er, with their tails and heads, and, having laid their eggs, they 
cover them over with stones and gravel in the same way. The McCloud 
salmon did not pile up the gravel and stones over their nests as much 
as the eastern salmon, but left them more le,·el. 
Question 56. Do they watch over their nest, if made, either singly or 
in pairs f 
Answer. They do not watch over their nests. 
Question 57. When are the eggs hatched, and in what period of time 
after being laid f 
Answer. The salmon-eggs in the McCloud probably batch in October 
ancl November, or about sixty days after being deposited. 
Question 58. What percentage of eggs laid is usually hatched f 
Answer. No one knows. 
Question 59. What percentage of young attains to maturity f 
Answer. No one knows. 
Question 60. What is the rate of growth t 
.Answer. See question 9, p. 185. 
Question 61. Do the parents, either ·or both, watch over the young 
after they are hatched 1 . 
Answer. The parents are <lead Jong before the young are hatched. 
Question 62. Do they carry them in the mouth, or otherwise f 
Answer. See question 61. 
Question 63. What enemies interfere with, or destroy, the spawn or 
the young fish t Do the parent fish devour them 7 
Answer. Water insects, water fowl, trout, suckers, white-fl.sh, and 
possibly the water ouzel. See question 61. 
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Question 64. Are the young of this fish found in abundance, and in 
what localities¥ 
Answer. The young fish a~e found in great abundance in t!1e neigh-
borhood of the spawning-ground in May, and probably before. After 
the month of May they suddenly and mysteriously disappear. 
Question 65. On what do they appear to fesd ! 
Answer. They probably feed on crustacea, water-insects, and smaller 
fish. 
!.-ARTIFICIAL CULTURE. 
Question 66. Have any steps been taken to increase the abundance of 
this fish by artificial .breeding 1 
Answer. No steps have been taken to increase the Sacramento sal- · 
mon in the Sacramento river by artificial breeding. The United States 
has a salmon-breep.ing station on the McCloud river, one of the ~butaries 
of the Sacramento, but the object of' this station is to obtain salmon-
eggs for the Atlantic rivers, and not to replenish the Sacramento. Sev-
eral thousand impregnated salmon eggs were successfully sent to the 
Atlantic coast from this place this fall, 1872, and have been hatched 
successfully. The destination of these young salmon is the Susque-
hanna river. 
K.-PROTECTION. 
Question 67. Are these fish protected by law, or otherwise f 
Answer. The Sacramento salmon are protected by a law imposing pen-
alties on the use of weirs, ponnds, or other fixed engines of capture, giant 
powder, and small-meshed nets. The Rio Vista and Sacramento fisher-· 
men wish for a law prohibiting salmon-fishing with nets, from the 1st of 
June till the beginning of the winter run in November. This seems to 
me to be a very judicious way of regulating the fishing, whenever it is 
thought best to regulate i-t by law. During the time mentioned, from 
June to November, the salmon are very poor, the :fishermen make poo:r · 
wages at fishing, and tons of spoiled salmon are thrown baek into the 
river for the want of a market. 
The supply of the Sacramento salmon has a singular natural prot~o-
tion arising from the fact that the l\foCloud river, containing the great 
spawning-grounds of these fish, is held entirely by Indians. As long as 
this state of things remains, the natural supply of the salmon stock of 
the Sacramento may be considered as guaranteed. That this protection 
is one of no slight importance may be inferred from the fact that the 
. appearance of the white man, on the American and Feather rive~, two 
great forks of the Sacramento, has been followed by the total destruction 
of the spawning beds of these once prolific salmon-streams, and the spoil-
ing of the water, so that not a single salmon ever enters these rivers now 
where they used to swarm by millions · in the days of the aboriginal 
inhabitants. I earnestly hope that· the policy which has been pursued 
S. Mis. 74-13 
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with the Modoc Indians, against whom a war of extermination is now going 
on, just north of the McCloud river, will never be adopted with the 
McCloud River tribe. It would be an inhuman outrage to drive this 
superior and inoffensive race from their river, and I believe that the best 
policy to use with them is to let them be where they are, and if neces-
sary, to protect them from the encroachments of the white men. 
L.-DISE.ASES. 
Question 08. Has any epidemic, or other disease, ever been noticed 
among them, such as to cause their sickness or death in greater or less 
number! 
Answer. No particular epidemic or disease has ·been observed, that I 
am aware of, among the Sacramento salmon. The breeding-salmo~ in 
the upper tributaries all die after spawning, but this is to be attributed 
to their great emaciation and exhaustion, consequent upon having been 
so long away from salt water; and not to disease, properly so called. 
Question 69. When have these epidemics taken place, and to what 
causes have they been assigned 7 
Answer. See Question 68. 
M.-P AR.A.SITES. 
Question 70. Are crabs, worms, lampreys, or other living animals 
found attached to the outside, or on the gills of these fish 7 
Answer. A worm-like parasite attacks the salmon in fresh water, and 
gathers in vast multitudes in their gills toward the close of tlie spawn-
ing-season. They also fasten on their fins to some extent. I have not 
noticed other parasites on the salmon. 
N.-0.A.PTURE, 
Question 71. How is this fish caught; if with a hook, what are the 
different kinds of bait used, and which are preferred 1 
Answer. The Sacramento salmon is caught with nets, spears, Indian 
traps, and with the hook. In the smaller tributaries of the main river, 
as at Tehama, they are killed with shovels, pitch-forks, clubs, and every 
available weapon. In the upper tributaries, as the McCloud, the Indians 
catch them in traps, arranged to capture the fish going down the river 
exhausted, but not those ascending the river. At the sources of the river, 
near Mount Shasta, they are caught by legitimate angling with a hook. 
Salmon roe is almost exclusively used for bait. Some have been taken 
with the artitlcial fly. 
Question 72. If in nets, in what kind t 
Answer. The salmon-fishing at the great fisheries in the main river 
is done wholly with drift-nets. These are gill-nets, which, when stretched 
across the river, are drawn or drifted up or down with the tide. The 
salmon are caught, of course, by the gills in the meshes of the net. 
STONE-ON THE SACRAMENTO SALMON. 195 
Question 73. At what season and for what period is it taken in nets, 
and when with the line ! 
Answer. The salmon are always caught in the main river with nets, 
all the year round. They are taken with the hook at the sources of the 
river, chiefly in July. · 
Question 74. What would be the average daily catch, of one person, 
with the hook, and what the total for the season i 
Answer. The average daily catch, at the head-waters of the Sacra-
mento, near Upp~r Soda Springs, with the hook and line, is about a 
dozen salmon, weighing, on the average, 15 pounds apiece. 
Question 75. Answer the same question for one seine· or pound, of 
specified length. 
Answer. Mr. William Hamhton, of the Schwartz fishing-grounds_;_a 
fair specimen of the smaller fishing-grounds of the main river--caught 
15 salmon a day during the regular fishing-season, from March 1 to June 
1, with a common drift-net.· 
Question 76. Is the time of catching .with nets or pounds different 
from that with lines 1 
Answer. Nets are used all the year .round. Hook and line are· used 
in fresh water only, in July. 
Question 77. Is it caught more on one time of tide than on another, 
Answer. I believe the fishermen draw their nets chiefly at the turn 
of the tide. 
O.-EC0N0MIC.A.L VALUE .A.ND .A.PPLIC.A.'l'ION. 
Question 78. What disposition is made of the fish ~caught, whether 
used 011 the spot or sent elsewhere; an~ if so, where! 
Answer. All the salmon that are caught in the main river, including 
the bay, are sold fresh in the San Francisco,. Sacramento City, and 
other home markets, if possible. This includes, probably, about all that 
are caught in the winter and three-fourths_ of those caught in the spring. 
Those that do not find a sale as fresh-salmon, are to some extent salted 
down, and the rest are thrown back into the river.* 
The Indians on the upper tributaries dry thei~ salmon and store them 
up for their winter food. It is unnecessary to say what.the anglers do 
with theirs. 
Question 79. What is its excellence as food, fresh or salted f 
Answer. The Sacramento fresh salmon, when prirr;e, is a fish of g~eat 
excellence as food. The flesh is firm, juicy, rich, and delicious. After 
taking pains to form a careful and correct opinion on the subject, I am 
unable to say that it is in any degree inferior, when in its best condi-
tion, to the Atlantic salmon, in its best condition. I think the common 
opinion is the other way, and I account for it as follows: The Atlantic 
* On the 26th day of August, I saw 600 pounds of spoiled salmon at one :fish-mar}{et 
at Sacramento City, which were about to be thrown into the river. 
196 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 
salmon are only sent to market in June, ,July, and August, when they 
are in their very best condition. The average, therefore, is of a very fine 
quality. On the contrary, the Sacramento salmon are in the market 
every month in the year, whether prime or not, and are the cheapest and 
,nost comnwn when they are the poorest, in consequence of which the 
a'Derage Sacramento salmon of the markets the year round is a very 
ordinary fish. Now, people generally, unless their attention is speciaJlJ 
called to the subject, when forming their opinion of the comparativt 
merits of the two kinds of salmon, involuntarily co~pare the averf11}e 
Sacramento salmon with the average Penobscot salmon, and are com-
pelled to decide in favor of the latter. I think this is the reason why • 
the Sacramento salmon is held to be an inferior fish. I was mys~ 
before my arrival here, much prejudicedt in favor of the Atlantic fish, 
and the Sacramento salmon, which I ate in August, confirmed my 
prejudice; but now, having eaten and carefully judged of the quality of 
the winter run or prime salmon of the Sacramento River, I resign my 
prejudice against these salmon, and state with confidence that I do not 
consider them in any respect inferior in quality to their Atlantic, 
kindred. 
The same remarks apply in general to the salted salmon of the Sac-
ramento. 
Question 80. How long does it retain its excellence as a fresh fish 7 
Answer. These salmon do not differ from other salmon in respect to 
the length of time that they will remain fresh and sweet. They can 
be kept fresh two weeks, and even more, on ice, especially when prime. 
Question 81. To what extent is it eaten 7 
Answer. The Sacramento salmon are universally eaten, and the extent 
of their consumption. is very great.• One line of' steamboats brought 
400,000 pounds of Sacramento salmon into San Francisco in March, 1872. 
Question 82. Is it.salted down, and to what extent 1 
Answer. It is estimated that 25,000 salmon were salted down on the 
Sacramento River last spring, (1872,) and 9,000 last fall. This, however, 
illcludes all that were salted, both from the catch above tide-water and 
I r I i • it. 
Question 83. Is it used, and to what extent, as manure, for oil, or for 
ot l1 'L' purposes, and what f · 
Answer. It is not used to any extent as manure, for oil, or other pnr-
1111 •·· rbau for food. 
1r. 'il)u St-. ,vhat were the highest and lowest prices of the fish, per 
• mu . during the past season, wholesale and retail, and what the average, 
a1 • how do these compare with former prices 7 
11 . t• • The highest price during the last year for Sacramento salmon 
· ~ 25 ,.,, t.· per pound, wholesale, and 18 cents,retail. The lowest price, 
wholesale and retail, ran from 5 cents to nothing. The average price 
, e•· note at bottom of page 197. 
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through the year has been about 10 cents. These are gold figures. The 
price has not varied much the last few ;years. 
Question 85. Are these fish exported; and if so, to what extent f 
Answer. The Sacramento salmon are not exported at all, or only in a 
few exceptional i1rntanccs, the home demand being sufficient to exhaust 
them. 
Qne::-;tion 8G. \Vhere is the principal market of these fish~ 
Answer. The principal market for them is the City of San Francisco. 
20.-0TIIER SALMONID.Ai: OF THE SACRAMEN'.l'O RIVER. 
The other Salomonidm of the Sacramento (main) River are confined to 
one variety, wlJich Rome call a salmon, but which the fishermen think is 
a mountain-trout, which has dropped down the river farther than usual. 
It is describe,l in my cafalogue of Smithsonian specimens under Nos. 12 
and 13. It is quite rare in the Lower Sacramento. 
The common rnounb"Liu-trout is found in abuncl,mce in all the cold 
tributaries of the main river, and probably other varieties which have 
not been reported. 
21.-0TIIER, SALMONID}E OF TUE M'CLOUD RIVER. 
Ilrn:.;ides the sa1mon, there are, in the l\foOluu<l, three other varieties 
of Salmoniilw : I, the common mountain-trout; 2, the ivye-dar-deeket; 
an<l, 3, the "silver-trout." A foll series of specimens of the first variety 
has been collected and sent to the Smithsonian Institution. (See cata-
logue of specimens.) 'l'his fish is delicious eating, when prime, and is 
quite ahundant in the river, and ascends the small tributaries of the river 
in vast qmtntities, to spawn, in the winter. 
The second variety iR very rare in the Lower McUloud, but abundant 
at its head-waters, and being a very handsome awl delicious fish, is the 
favorite fish for tifty miles around. (See No. 27 and No. 68 of Catalogue 
of Smithsonian SpecirnenR.) 
'l'he third variety I only bPard of as being at the sources of the 
McClou<l. It was describcu to me as a round, plump, silvery trout, and 
not rare. 
I will lJere ad,l that the other fish of the Sacmrnento (main) River are 
the whit.c-pC'rcl,, Sacramento pike or white-fish, (a cyprinoid,) sturgeon, 
chub, Jrar1l-hea'1s, SJllit-tailf;, (herrings,) suckers, mud-fish. Of these the 
white-fisli, sncker, arnl mu<l-fish are fonn<l in the l\foClou<l Hh~er. (See 
Catalogtw of Hpccimern,.) 
~~--LIST OF INDIAN ·woRDS OF THE M'CLOUD DIALEC'.l'. 
Although it does not propf'rly come within the scope of this report, I 
take the libc·rty to appenu a few words of the dialect of the McCloud 
"I :tm infor111Pcl l,y the lish-<lPalPr:, in Sn,11 Francisco tha,t 10,000 fresh salmon a week 
.aro sent into that eit,y from th0 San Jo:u1nin arnl the Sacramento H,ivcrs in Angnst, 
wl1c11 salmon arc tlH· cl11•apPst a!l(l most abnwla11t. 
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Indians, for the sake of preserving something of a language which will 
soon become extinct. Without expecting to save them, I picked up these 
words casuaJly from the Indians last fall, (1872,) while getting the salmon. 
eggs, and, meager as the list is, I believe it is the only collection of words 
of the McCloud Indians that has been made: 
LIST OF WORDS, 
Indian .............. Wintoon. 
White man ......... Yi-patoo. 
No ..•.•.•.......... :eno. 
Yes .•....••.•.••••. Ho. 
Yes, (emphatic) ..... Urmano. 
Very ••....••....... B6o-ya. 
A great many .•...•. B6o-ya. 
Large .••••.•.•••... Bo-ha-ma. 
Small ..•......••••.. Koo-oo-tett. 
Colcl .....••••••••.. Teem-ma 
Warm ..••..••.••... Pee-lar-ma. 
Live .....•.•..••••. M6oruch-beer. 
Dead ......•••••.... Min-dl. 
I, me, mine, my .••.. Nett. 
You, your, him, her, 
his, hers ••••••••.. (Non ego) mutt. 
North •••••••••••... Wy-ee. 
East •••...•••.•.•.. P0u•ey. 
South ..••.•.•...... Norrh. 
West •.....•.•.•..•. Num. 
Day .............. .. Sannie. 
Morning ... .......... Horn•heema. 
Evening .. .......... N 6-monnie. 
Night ............ .. Ken-wahnie. 
Dark ............... Cbeepy. 
Sleep ............. .. Keen-na. 
Sleepy ........... .. Keen-ka. • 
Breakfast ......... Himmar-bar. 
Dinner ............ . Sannie-bar. 
,·11l 1w ••••••••••••• Kenwannie-bnr. 
To-morrow ......... Hfmmar. 
\ I li r,111 • •••••••••• Lender. 
rr, 1 l. .............. Pfll-yoak. 
1., • •••••••••••••••• Toohio. 
I,111 b •.•••••..•.•.. O6-ool. 
I : · ••••••••••••••• Toom. 
H a ir ••••••••••••••• Tom-moi. 
• Ju, •••••••••••••••• Ket-tett. 
'l . I •••• ••••• ••••••• Parr-la. 
Tin,• .•••••..•.•••. Pahn-oulb. 
1 , 1 r ••••••••••••••• Cl6w-ett. 
J.,'i t• ••••••••••••••• S~osigh. 
SL ••••••••••••••••• Set-panoulh. 
.' 1 n ••••• ••••••••• L6-lochett. 
Eight •..•......•... Set-clow..ett. 
Nine ..•.... , ....•.. Ketett-elless. 
Ten ................ Tickalouss. 
Fish .••••........... Deek-et. 
Salmon ...........•. Noo-oohl. 
Trout . . . . . . . •...... Syee-oolott. 
Salmon-trout ....... Wye-dar-deelrel 
Salmon-eggs ........ Poo-oop. 
Sacramento white Ch6o-sfts. 
fish. 
Male salmon ........ Charrk. 
Female salmon ...... Ko-raisch. 
Black salmon ....... Choo-160-loon~ 
White, (emaciated) Aee-teppem. 
salmon. 
Late-fall-salmon .... Eee-par-teppett. 
McCloud salmon .... Winny-mame boo• 
oolh. 
Grilse . • . • . . . ....... K6o-rilsh. 
Salmon-fry .... ~ .... K6o-ootett noo-oolli'.. 
Dorsal-fin .......... Kho-rohl. 
Adipose-fin ......... Toohw-keeh. 
Pectoral. ..•........ All-ale-i-k6bol. 
Anal ........•••.... Ken-tee-k6bol. 
Caudal . . . . . . . ..... Pwar-tolh. 
Gills ............... Khar-nee. 
Man ....• u •••••••• Wintoon. 
Woman ..••.•...... Mo-ha.lee. 
Boy .......••....... W eetah. 
Girl ................ Pochtflah. 
Infant .....•••.•... Pickaninuy. 
Wife .....•••....••. Pofoh-ta. 
Sweetheart •..•.... Poich-ta. 
Hand .....•.•...... Semm. 
Foot ......••....•.. Semm. 
Arm ......•••.•.••• Khee-dett. 
Horse ....••.....•.. Horse. 
Cow .......•....... Cow. 
Bear .....••••.•••.• Cheelkh. . 
Grizzly bear ....•.•. W ee:.mar. 
Hog .... ............ Hor-r6ichta. 
Deer ...•.••••••...• Nopp. 
Beaver ....••..• _ ••. S6-chett. 
Otter .............•. Mame-t6olich. 
Mink .... _ ••....... Bfes-eyooes. 
Coon .••........•... Ca-raillett . 
Fisher, (cat) •.••.•.. Yupokos. 
Water-dog, (lizard) .Hee-eollett. 
W ater-o~l •...••••• Sour-sfnny. 
Gun ....•..••.•••.. Ko-lool. 
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Bow ....•....•.•••• Ko-lool. 
Arrow ...•.....••••. Nott. 
To shoot ..•••.•••••• Yoopcha. 
Will shoot, (future). Yoopcha. 
Have shot, (past):. Yoopcha. 
Spear ......••••.••• Ka,y-ell. 
To spear .•••••..•••. Dfdt-ley. 
To spear a salmon .. Noo-oolh didt-ley. 
To shoot a deer ..... Nopp y6op-cha. 
To catch ....•...•.. Perri-mahn. 
To catch a trout .•.. Syee-oolott perri• 
mabn. 
House ..••••.....•.. Boss. 
River ...•.......... M8me. 
Water ...........•.. M8me. 
Salt •....•.•••.•.••. Welche. 
Ocean ..••••........ W elche m~me, or 
bohama meme. 
Sacramento River ... Bohaima m~me. 
Fire ................ Pohrr. 
Bread ......••...... Ch6w-trass. 
Flour ..••.......... Ch6w-trass. 
Acorns .••.•........ Klfoh-ly. 
Wood... • . • . ....•.. Chftsse. 
Tree ..••...••.••••• Mee. 
Tobacco ............ Lo•ole. 
Knife .......•.•.•.. Kelly-kelly. 
Acorns, growing .... Peurmalh. 
Blanket .......•.• .'. J ackloss. 
Looking-glass ...•.. Ken-wiunas. 
Shirt ...••.•.....•.• Witln~m-coddie. 
Rain ..•••••...••••• L6o-hay. 
To rain, (verb) •.... L6o-hay. 
Sand .•..•...•..•••• Pomm. 
Country ..•.....••••. Pomm. 
Flowers .•.•.•.•.••. L6o-lich. 
Buckskin, tanned .•. Tay-ruch. 
Buck-eye, (nut) .•.• You-nott. 
Money .••••....•••• Pess•stls. 
Mountain .....•.•.• Bo-haima pil-yokh. 
Long ............... Charrua. 
Short ...••....•.•.• Wor•6hter. 
Good .........•..... Challa. 
Bad .•••••.•••••...• Chip-kalla. 
New, (clean) • . ..••. Illa. 
Dirty ...•.•••••.•.. B6o-koolah. 
To see ..........•••. Wfnn-neh. 
To come ....•••..... Widder. 
To go .•••.•••••..•. Harra. 
Have gone ...•..... Harra. 
Will go ..••••..••••• Harra. 
Stay •••••••...••••• B6oha. 
Rest ..•....•..•. : .. B6oha. 
Sunday, vrest day) .. Sannie bqoha. 
A week ........•.•. Ketett sannie booha. 
1 To bring .••.•••.... W errell. 
To pay ....•...••••• Doo-ya. 
To give .•.•••.••••• Doo-ya. 
To stand .•• .' ••..••• Hick-i-yah. 
To give ..••....•••• K6ot-eh. 
To want ••••.•••••.. Sqneea. 
To eat .•.•.••••••... Bar. 
To be hungry ....... Bar-squeea. 
To drink ..••...••. .. Boolah. 
Intoxicated ...•.... Whisky-Boolah. 
To drink spirits ..... Whisky-bar. 
1 
To strike ...•••..... K6opah. 
To chop .••••....... K6opah. 
T9 steal .•••••..•••• Khi-yah. 
To remain ••••...•.• Pomadilly. 
To reside ........... Pomadilly. 
I 
To sit down to rest .. Keltnah. 
To buy .••••...••••• Poolah. 
To work ...•.•.••.•• Kleet-ich. 
To be tired ...•... : .Klee-tich-et. 
To ~ew ............. Ho6ray. 
To skin~ ....•...... frrit1cha. 
To skin a deer . , .... N opp irritcha. 
To be afraid ........ ~hee.:.lup. 
To like ..........••• H1-hina. 
To love ............ Hi-hina. 
To kiss ...••...•.••. Ell-ch6opcha. 
To swim ..•••..••••. Meme-tulich. 
To row ( a boat) .... Meme-tulich. 
To understand ...•.• Tipna. 
To know .••.••..... Tipna. . 
To know ...•.•..... (Spanish) sap-beh. 
To talk ..••••.••..• Teen. 
All .••••..•.•••.•.. Komm. 
Same .... : ......... Pee-yanny. 
Other side .......... Poo-yelty. 
Opposite bank of Poo-yelty mame. 
river. 
This side ..... ··~···Num-ilty. 
Chief .•..•....•..•. W ee-ee. 
Stars .••.•.......... Kl6o-yook; 
Straight ...•.•..•• "? Kellar. 
Bye and bye ..... ~ .. P~p-ham. 
Black .. _ .•.••••.... Choo-loo-loo. 
White ..........•••. KI-yah. 
To have .•••••.•..•• Bemen. 
How .•.••.•..•••.•. Hen-nonie. 
How many ....•.... Hissart. 
When .. .' ........... Hessan. 
How long .•••.•...• Hessan. 
Where .........•••• Hecky. 
Here ..•....••.••.•• ~h•weh. 
What ••.••••..•.... Pay-ee. 
Say, (tell me) ..•••• Had-die. 
I don't know .... : .. O-oo. 
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I don't care .•••.•••• Hester. 
Deer-skin •••••.••.• Nopp-nickol. 
Deer-stew .•.••.•••• N opp-clummiss. 
North star .••.•••.• Wye-dar-werris. 
Sick, ( at the stomach )Tecklich-k6olah. 
Thread .•.•.•...•••• Thee-put. 
McCloud River ••••. Winnie-mame. 
My land .••••.•.•••• Net Pomm. 
When you come ....• Hessan mut widder. 
.Atlantic Ocean, (far Kell-a,le-poo-ay 
east salt water.) welkh mame. 
Come again. Way-ai-worr-ry. 
Good bye, (the idea Harra-dar. 
of going, simply.) 
Let us go ; come on .. Harra-dar. 
Moon .............. Sass. 




Bring a salmon to Mut widder net boa 
my house. noo-oolh. 
Good Indian .••.•... Challa wintoon. 
Bad white man ....• Chfpkalla yf-pateo. 
Do you want to see Mut winner sqeea 
my gun T net kolool 
~oming .......••••• Well-arbo. 
· Comeinandsitdown.~ll-ponah keltnah. 
San Franciseo, New Koll-ale pomm. 
York, or any dis-
tant place, ( far-off 
land.) 
Spanish u:ords used by .2lfcOloud River Ind-lans. 
These words are spelt as the Indians pronounce them. 
Much ............ .. M6ocha. 
Small ••••••.••.•... Chikeeta. 
To know .••••••.... Sah-beh. 
Man ............... Moochacha. 
Cluster of Indian ... Ranchery. 
lodges. 
Money ............. Pes-sous. 
C-CATALOGUE OF NATURAL HISTORY SPECIMENS; COL-
LECTED ON THE PACIFIC SLOPE, IN1872, BY LIVINGSTON 
STONE, FOR THE UNITED STATES :FISH COMMISSION. 
No. 1. Skin and head of fish, caught in Green River, near Green 
River Station, (Pacific Railroad,) August 6, 1872. Weight about three-
quarters of a pound. Common name, "Bu:ffalo-fish," "White-fl.sh," 
"Green River Sucker." (See note.) (See drawing.) 
No. 1. Groen River, at this station, has an elevation of 6,140 feet. The surroundinl 
country has a. very barren and desolate appearance, as if nothing could live there. 
Fortunately for the few inhabitants of the place, this fish, together with suckers, 
abound in the waters of Green River, and are here caught in considerable quantities 
rith 1 1u 111 eweep-seine. 
No. 2. Common California brook-trout; San Pedro brook, twenty miles 
south of San Francisco. Yearling. August 17, 18 7'2. These fish spawn 
in the San Pedro brook in March and April. Abundant. (See note.) 
Contributed by California Acclimatizing Society. 
No. 2. The California Acclimatizing Society has its headquarters at San Francisco, 
and it ponds at San Pedro Point, in San Mateo County, twenty miles south of San 
Ji'rancisco. It officers for 1872-'73 are: Dr. W. A. Newell, 632 Mission street, president; 
John Williamson, 632 Mission street, secretary. This society has S11ccessfully intro-
1 •• • from the East the black b:lSS (Grg,tesfaaciatus) and the brook trout, (Salmofon-
t 11a 1 .• ) T 1 ·, ha,•·, 1 11 sncceedod in hatching and raising artift~ially a large number 
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of Lake Tahoe trout aml California brook-trout, (Salmo iridea.) The society has re-
cci ved several orders recently from Australia and N cw Zealand for a large number_ of 
the eggs of the California Salmonidce. 
No. 3. Same as No. 2. 
No. 4. Lake Tahoe trout. Common name, (Tahoe) "shore-trout.'' 
Yearling. August 16, 18i2. Very abundant at Lake Tahoe. This one 
was hatched artificially at the ponds of the California Acclimatizing 
Society in April or May, 1871. Contributed by California Acclimatiz-
ing Society. 
No. 5. Same as No. 4. 
No. 6. Six specimens of young fry, hatched in April, from parents taken 
from San Andrea's reservoir, and reared at California Acclimatizing So-
ciety ponds. August 17, 1872. Contributed by California Acclimatizing 
Society. 
No. 7. Six :-;pecimem, of California ln·ook-trout. San Pedro brook. 
Young fry, .. August l'i, 1872. (See drmviug.) (See note.) 
No. 8. Skin and lieall. Common 1utme, S:1u Andrea's lower reservoir 
trout. "\Veight, 8 pounds. Length, 2G inches. Girth, (just in front of 
dorsal,) 17 iuclrns. Peculiar to the lower reservoir of the San Andrea's 
(" Spriug Valley'') water-works. (See note.) The fattest and heaviest 
trout of its lcngtll that I ever saw. Easily landed, and died very quickly. 
There were abont 500 separated and fully-developed eggs of last spring's 
roe lying loosely in the abdomen. The natural spawn of the next sea- . 
son were quite small-perhaps the size of pin-heads. This fish is rare, 
and is the only large trout caught in tho lake. Silvery. No colored 
:-;pots. Caught with chub bait. August 20, 1872. 
No. 8. This was a fine specimen of its kinu, and one of the largest en~r taken. The 
"reservoir" in which it was caught is an artificial bo<ly of water, several miles long, 
formc(l by building a dam across the San Anurea's brook, an<l usetl to supply the city of 
San Francisco with water. The appearance of this fi:::ih in the reservoir was a sur-
prise, as no fish of that size had ever been known about there before. It is thought 
by some to be a salmon, accidentally shut in from tho sea by the dam, and by others 
to -be a trout, which favorable circumstances bring to this unusual size. The rcser• 
voir absolutely swarms with clrnb8, about six: or eight inches long, which form the 
food of theRc large fishes. It is a singular fact that the upper reservoir, a short dis• 
t.rmcc above on the Flame stream, contains ouly the common trout of the usual size. 
No. !J. Silrnrtrout. SanAndrea'slowerreservoir. Rather1:are. Very 
much resembles salmon smolt. Never caught Jarge. Deautifol form. 
No. 10; Viscera of No. 8. 
No. 11. 'l'wo spccimells. Utah monutain-tront. Young fry. Salt 
Lake City tront-pouds. Ifatelictl artificially. Parents taken in Bear 
River. Almn<lant in Bear Hiver and Bear Lake, and other cold mount-
ain waters in Utah. Hatched in April, May. Period of incubation, 
very short. Angnst n, 1872. (See note.) Contributed by A. P. Rock-
woo<l, snperiutendcnt fo,heries Salt Lake City. 
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No. 11. The Salt Lake City trout-ponds are fed by springs and spring streams, which 
contain the clearest and p1trest water that I have ever seen. Indeed; in these respects, 
thlwater is very extraordinary. It will run for six months without depositing sedi-
ment or growing fungus. Water-cress and other water-plants grow in this water with 
a rankness and luxuriance that is wonderful. Although the water must contain alkali, 
it is vastly superior to any water that I have ever seen on the Atlantic or Pacific slopes 
for breeding and rearing trout. 
There is a fine lot of the native Utah trout at this esrablishment, which is confined 
at present to the hatching and rearing of the native varieties, viz, Utah mountaih-
trout and Utah Lake trout. The place is carried by the city government, and is in 
charge of the Mormon superintendent of fisheries, Mr. A. P. Rockwood. 
No. 12. Sacramento River trout. Sacramento River at Sacramento 
Oity. Rare. Female. .August 26, 1872. (See drawing.)_ This variety 
sometimes attains a large size, ·being occasionally as large as the smaller 
salmon. They are called salmon by some. Mr. S. R. Jones, of the Sac-
ramento :fish-market, and a good authority, thinks that they are mount-
ain-trout which have accidentally dropped down the river to this point. 
They are caught here chiefly in the fall, and when the winter rains come 
on they disappear again. 
No. 13. Sacramento River trout. Male. .August 26, 1872. See No. 
12. (See drawing.) 
No. 14. Pharyngeal ter-th of "Sacramento pike." .August 26, 1872. 
No. 15. Viscera of' No. 12. 
No. 16. Viscera of No. 13. 
No. 17. Salmon grilse. September 3, 1872. McCloud River. Very 
deep and thin. Head, tail, back, and fins black. Very black all over 
when dry, except on belly. 
Dimensions. 
. Inches. 
From snout to fork in tail . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
From snout to end of tail ................................ ·. . . . . . . 19 
Girth ............................................. .' . . . . . . . . . . . 8½ 
Head................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4: 
Abundant. Scales absorbed int.o skin, and skin very slimy. Flesh sof~ 
but eatable. Many parasites in gills. (See drawing.) (See note.) 
No. 17. The word" girth" in the catalogue, when used without explanation, means 
the ,m : urcmcnt taken jUBt in front of the dorsal fin. 
No. 18. Viscera of No. 17. Testes, or milt glands, were not saved; 
but they were Yery large and full, with milt flowing copiously from them. 
No. 19. Salmon grilse. Male. Body deep and thin. McCloud River, 
California, September 5, 1872. Very black and slimy. Gills full of 
parasites. Looked foul. Greenish yellow sores in flesh, under the skin. 
Weight, 4 1,01mds. (See drawing.) 
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Dimensions. 
Inches. 
Length, snout to tip of tail .......................... - - . - . - - - - - - - 24 
Length of head ................................ - - - - - - - - - - - - - - - - - 4 
Girth ........................... - . - . - .. - - ... - . - - - ... - ... - - - - - - - 11 
Girth of head .............................................. - - - . 10 
Girth of tail, ( at smallest part) ............................... - - - - 4 
·weight, 4 pounds. 
No. 20. Viscera of No. rn. Milt well developed and prime. 
No. 21. Tront. Indian name, sy6olott. J\foCloml River. Female. 




Length, from 1:mout to tip of tail . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15-! 
Length of head ...................................... - ....... - . 1~ 
Girth ................................... · ............ - - - . - - - - - - 8½ 
Girth of head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5¼ 
Girth of tail........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Spawn considerably developed. There were nearly one-half pint of salmon 
eggs in this trout's stomach when caught. This was the best fish for 
eating that we found while on the l\foOloud. (See drawing.) 
No. 22. Tront, sy6olott, McOloud River, September 7, 1872. In poor 
condition compared with No. 21; but in better condition than No. 23. 
Stomach one-quarter foll of salmon-eggs, which is the bait used by the 
Indians for catching them. Eggs less developed than those of No. 21. 
On the whole a fank-looking fish, with comparatively large head, but 
not bad eating. This one, I believe, was speared by the Indians. (See 
drawing.) 
No. 23. Tront. (Indian) syoolott. Said by the Indians to be the 
common mounta,in-tront, like the previous specimens. J\foCloU<l River, 
September 7, 1872. Thin, emaciated, and in very bad condition. Very 
large head, compared with body. Dorsal fin mutilated. Flesh looked 
unhealthy. Eggs very small and diseased. Organs of exit ulcerated 
and ~wollen. No'.l'E.-Fish (trout) sirni1arly diseased are occasionally 
fouml at artificial trout-breeding ponds. The Indians said that Nos. 21, 
22, and 23 were the same fish, though found in such tliffercnt condition. 
(8ee <lrawh1g.) 
No. 24. Viscera to No. 21. 
No. :!5. Vjscera to No. 22. 
No. 2G. Viscera to No. 23. • 
No. 27. Common name, salmon trout; Indian name, u,ye-dar-deelcit. 
McOloud River, September 7, 1872. Ah;o called at Soda Springs the 
" Yarden" trout. (See No. GS.) 
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Dimensions. 
Inches. 
Length, snout to tip of tail.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17¼ 
Girth. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Meat firm and hard, but rather dry ; tasted very much like No. 8. The 
handsomest trout, and, on the whole, having the most perfect form of all 
the trout we saw on the McCloud. Also, the only fish that had colored 
spots. This one was profusely spotted over most of the body with red-
dish golden spots. (See drawing.) Possibly the Salmo spectabilis, Pa-
. cific Railroad Reports, vol. xii, p. 342-3. (See note.) Only a medium 
table-fish, at this season. Rare. 
No. 27. This trout is rare in the lower waters of the McCloud, but common at its 
head-waters. Fishermen say that this trout is caught nowhere else in California. It 
is considered a great luxury at Soda Springs, on the Little Sacramento, from which 
place parties often travel the :fifteen-mile trail to the Upper McCloud to catch it. Mr. 
I. F. Frye, of Soda Springs, once caught a mountain-trout of two pounds on bis hook, 
and as he was just in the act of pulling it out of the water, it was seized by a monstrous 
wye-dar-deekit, which Mr. Frye says cotild not have weighed less than 20 pounqs. 
The latter fish was lost, but the mountain-trout showed the marks of his teeth on both 
sides. 
No. 28. Viscera to No. 27. 
No. 29. Male salmon. McCloud river, California, September 23, 1872. 
A clean, healthy, nice-looking fish, but not silvery. This :fish belongs 
to a class which are just beginning to come up the river, in limited num-
bers, called the fall run. Their flesh is quite palatable and good, and 
there is considerable fat on them still. Their scales have usually been 
absorbed, and the surface of the skin is smooth and slimy. These are 
the only salmon now coming up the river. All the others are floating 
down the river, dead or dying. The milt of this fish was well developed 
and fl.owing. Girth, 15 inches. (See drawing.) 
No. 30. Large, fnll-grownmale salmon. September 25, 1872, McCloud 
River, California. Weight, 20 pounds; girth, 21 inches; girth at anus, 16½ 
inches; length, 38 inches. (Consult Salmo canis, W. Pacific Railroad 
Report, Yol. xii, p. 341.) (See drawing.) (See note.) 
No. 30. This fish was one of the largest, if 11ot the largest, which we saw on the 
McClond. He was thin and worn, but would have weighed nearly 40 pounds when 
in good condition. 
No. 31. Viscera to No. 30. 
No. 32. Male salmon. l\foCloud Uiver, September 25, 1872. Girth, 
in front of dorsal, 16 inches; at anus, 13 inches. No drawing was taken 
of this :fish. 
No. 33. Viscera1"to No. 32. 
There is no No. 3!. 
No. 35. Grilse. The skin wa:; accidentally scraped somewhat with a 
knife. September 25, 1872, McCloud River, California. 
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No. 3G. Grilse. McCloud River, September 25, 1872. 
No. 36. Head of male salmon. McCloud River, September 25, 1872. 
No. 37. Hea,d of male salmon. McCloud River, September 25, 1872. 
No. 38. Head of male salmon. l\foCloud River, September, 25, 1872. 
Probably an old fish. 
No. 30. Head of female salmon. September 25, 1872. 
No. 40. Trout. The common mountain-trout of California. Indian 
name syuolott McCloud River, September 27, 1872. This is a beau-
tiful specimen of the species. 
No. 41. Mountain-trout. l\fcOloud River, September 26, 1872. (See 
note.) 
No. 41. The common mountain-trout is easily caught at most seasons of the year, 
with almm,t :my scaso11a,1>le bait, and also, and quite as successfully, with the artificial 
fly. The Indians ah,o spear them. It is, however, hard to catch them on the Lower 
:McCloud after the 1st of OctoLcr. (Sec report on salmon-breeding.) 
No. 42. Sa,me as 41. 
~o. 43. Female salmon. l\foGloud River, September 28, 1872. This 
fish hacl spawned; was foul, emaciated, and with tail almost worn off. 
A fair specimen of the fish which are now floating down the river, dead 
or exhausted. ·weight 10 pounds. (See drawing.) 
No. 44. Female salmon. McCloud River, September 27, 1872. Wejght, 
7 pounds. This :fish had not spawned when caught. The drawing was 
taken after spawning the fish. She had 4,500 eggs. (See note.) (See 
<lraw_ing.) 
No. 44. Th e less nnmLcr of ova in the McCioud sn,lrno11, compared with the eastern 
salmon, was ycry not,iccitulc. I ncycr founrl over700 eggs to the pound in the McCloud 
salmon. On the other hand, the eggs were larger than those of the Atlantic salmon. 
No. 45. J\fale grilse. McOloud River, September 27, 1872. Foul, but 
a fair specimen. Abundant., though not so mnch so as the foll -grown 
Halmou. (See note.) 
No. 4G. I 1li<l not fiiHl n, 1-dnglc f emale grihic nrnong the great 1rnmhcrs of grilse which 
I exarni11<•<l :t)l(l saw 011 the ::\foUlowl; nor ha vc I ever· seen a female gril!Se elsewhere, 
al though I liave seen persons who said they bad seen them. 
Ko. 4H. Young trout. Indian name lc6o-oot6t syo-lott=" small trout." 
McUlon<l 1.Uver, S(iptember 20, 1872. 
No. 47. Yellow 1-mcker. McUloud River, September :W, 1872. Almn<l-
ant. (8('(', note.) 
No. 47. The other fo.;h of the MeCloud River uesi<les the (1) salmon are the (2) com-
mou mmmtain-tront,, (:J) 1!'ye-<lar-cleekct, (Rec No. 48,) (4) whHe-fish, (cyprinoid?) 
(G) common sueker, (!i) yellow sucker, (see No. 72,) (7) mud-fish, (8) silver-trouU Head-
waters of 1\foCloncl. 
The ahoYe arc nll the fish thnt nrc found in the McCloud River in September, Octo-
her, a111l ::'fovl'mlJcr. 
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N 0 • 48. Common name on the McCloud, "white-fish;" common name 
on the Sacramento, "Sacramento pike." McCloud River, September 
29, 1872. Abundant. 
No. 49. Viscera to No. 48. 
No. 50. Same as No. 48. These fish are caught with salmon roe, and 
are very abundant at this season. (See drawing.) They grow here to 
an average weight of one or two pounds; but in the warmer waters of 
the Lower Sacramento, say at Sacramento City, they attain a very large 
size. Their flesh is sweet and good, but soft and bony. 
No. 51. Viscera to No. 50. 
No. 52. Female salmon. Indian names, mohalie no-oolh = she 
or woman-salmon, and koraisch McCloud River, September 30. 
Weight, 18 pounds. Girth, 18! inches. This is a "fall run" fish, and 
is larger than the average of the "fall run," but not larger than the 
average of the summer-salmon. 
No. 53. Ued-headed woodpecker. McCloud River, California, Octo-
ber 8, 1872. Contributed by Hon. B. B. Redding. 
No. 54. Snake. Head-waters of Sacra.mento, October 10, 1872. Con-
tributed by B. B. Redding. 
No. 55. Trout. Indian name, syoo-lott. Sometimes called the red-
banded trout. Little Sacramento River at Upper Soda Springs, Oc-
tober 10, 1872. This trout bas an almost scarlet band, extending the 
whole length of the body, and about as wide as one-fourth the depth of 
the fish. The band overlies the lateral line, and is about evenly divided 
by it. The Indians say that it is the common mountain-trout, and· that 
the scarlet band is found on some, but not on others. (See note.) 
No. 5.i;, 'fho scarlet-banded trout appears to be the same as the common mountain-
trout, the scarlet band being an accidental featlllli, dependent upon seasons and locali-
ties. }.,or instance, on the coast it is rarely seen in its full blightness; in the Lower 
McCloud, the trout have it in June, and it continues to grow more vivid and deeper-
colored till tho middle of August, when it leaves them altogether, and does not show 
itself at all in September and October. Again, at the head-waters of the Sacramento, 
the golden band is on the trout all the year round, and it is probably the same with 
the trout at the head-waters of the McCloud. The bright scarlet band is so rare on the 
I'll. t tbat the trout fishermen call it a different variety, and esteem it an unusual 
prh:1. (See No. 64, catalogue.) 
No. 56. Ued-banded trout. Head-waters of Sacramento, near Mount 
Shasta. Temperatn.re of water, 46° F. The trout caught in these cold 
waters are very fine. October IO, 1872. 
No. 57. Red-banded trout. Head-waters Sacramento, near Mount 
Shasta, October 10, 1872. 
No. 58. Same as No. 57. 
No. 59. Red-banded trout. Little Sacramento. Upper Soda Springs, 
October 10, 1872. 
No. 60. Same as No. 50. 
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No. Gl. Same as No. [)!). 
No. 62. Same as No. 5!:l. 
No. G3. Same as No. 5!:l. 
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Among these Hpecimens of red-banded trout, is one skin and head 
not designated, of ·which there is a drawing. 
No. Gi. Red-banded trout. Little Sacramento, at Frye's Upper Soda 
Spring:..;;, Octol>er 9, 187~. Abundant. Caught all the months in the 
year. All the trout at this part of the Sacramento have the red band 
at all seasons of the year. These trout are caught with artificial fly, 
and the ordinary trout-fishing bait; salmon roe being found the most 
effccti ,,e of the natural bait. Mr. Sisson says that the flesh of these 
fish is sometimes white and sometimes red. Mr. Frye says that this is 
the same trout tha.t he has caught all the way up and down the Califor-
nia coast. 
No. 6.3. Hed-bandetl trout. October D, 137~. Little Sacramento 
Uiver, near the hotel kept by Mr. Isaac F. Frye, at Upper Soda Springs. 
No. GG. Same as No. GJ. 
No. G7. Same as No. G/3. 
No. 68. Uommon name, salmon-trout. ~IcCloud. Indian name, 
10ye-da.r-cl6elc-it, which means the fish from the North, this variety 
being caught only in the head or northern waters of the J.\foOloud. 
The local mune at Soda Springs is the "Dolly Varden" trout. Head-
wateri-; of the McOloud River, September 1, 1872. This specimen is 
salted, and is the same as No. 27, but in the lower waters of the 
McOloud, where No. 27 was caught, it is rare and exceptional, while 
at the head-waters of the river it is common. (See note.) The-spawn 
in this fish were large and almost ripe. These fish are thought to some-
times attain a size of 20 pounds. One was caught which weighed 5 
poumls; another which weighed 11 pounds. They are considered very 
fine eating at Soda Springs. The salted one which I ate was certainly 
very fine. (See No. 27.) 
No. 68. I vvns tol<l that at the head-waters of the M:cClollll, there is n, beantifnl silvery 
i rout lwr-;i<le th<'" Dolly Vardeu," callecl the" r-;ilvcr-tront." (See note to No. 47.) 
No. 6H. There js no number GD. 
No. 70. 'frnut. October 10, 1872. Head-m1ters of the Sacramento. 
No. 71. Water-ouzel. October 10, 1872. Indian name sours-sinny. 
Ht>.ad-watcrs Sacramento, October 10, 1872. At a distance the water-
ouzels Heemecl to uc almost the color of the rocks on which they stand 
and lm,k for foo'1. They Juwe a peculiar note like a chHd's rattle, but at 
timei-; Hi11g beautifully. 
No. 72. Mud-fl.sh. McCloud River, October 31, 1872. 
No. 73. Hmall mud-fish. J\foCloud River, October 31, 1872. 
No. 74. Young trout. McCloud River, October 31, 1872. 
No. 7u. Same as No. 74. 
No. 7". Trout. Wentworth\; l>rook. 1'his brook empties into tl,e 
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,I 1)0 it :1 t side, about thirteen miles above its month. There 
1.,m·h :1 1ul •,1bi11 here, occupied by the only white resident of 
l Inti-I :h ,•1·, l\Ir. Frank ,-entworth. November 1, 1872. 
,rt. "i7 • . .11111 a No. 76. 
, ,. , ·. There is RO No. 78. 
,. 70. ·,i1mon. Female. Mill-brook, near Tehama, on the Sacra-
111 ., , 11 Hi ,·r, No~ember, 7, 1872. .Abundant. This is a small stream, 
,tlw ·•· the tmlmon rush np to spawn in great numbers, in October and 
. m 1•1111,er. They also come up this brook in .April, May, and June. 
T Iii'. resemble in many particulars, in outward appearance, the "fall 
run" of the McCloud n.iver. This point is fourteen miles below the 
h,• .1<l of navigation of the Sacramento River, which is here quite deep 
aml broad. The water of the main river is roily here. (See note.) 
(See drawing.) Girth, 20 inches. Weight 16½ pounds. 
, ,. 79. At Tehama, in the fall, the salmon are speared and trapped in great numbers, 
. nd 11: are sent to the San Francisco and Sacramento markets, salmon from other 
• ,11 , being very scarce at this time. These spawning-fish, however, are seldom 
, 11 r1•1l for sale in the .first-class marketa, and are not eaten by the initiated. They are 
in demand, however, at the more common restauranta and eating-saloons. 
No. 80. Salmon. Male. Mill-brook, near Tehama, on the Sacramento 
Hiver. Abundant. November 7, 1872. These fish were in their prime 
for spawning the last week in October. At this date many had spawned, 
but many, also, of this run, had spawn and milt in them. Weight, 5f 
pounds; girth, 13f inches. (See drawing.) 
o. 81. Same as No. 80. Male, weight 13 pounds; girth 18z inches. 
( t • dra"ing.) 
~o. 82. Salmon. Female. Mill-brook, near Tehama. Weight, 10! 
pounds; girth, l6z inches. November 7, 1872. (See drawing.) 
o. 83. Salmon grilse. Male. Mill-brook, near T~hama, November 
7, 1872. Weight, 4½ pounds; girth, 12f inches. (See note.) (See draw-
ing.) 
No. St. Salmon. Female. Mill-brook near Tehama, on Sacramento 
River, November 7, 1872. Weight, 101 pounds; girth, 16 inches. This 
fish bad perfect or nearly perfect scales, and a somewhat silvery appear-
; nee. The eye will be seen in this specimen to be larger than that of 
the ot11er specimens. Salmon with unabsorbed scales are very rare at 
I hi 1•,1. 011, and at this distance from the sea. I did not find one on the 
',Ii· '1 1HL 1l from September 1 to November 1 that bad scales like those 
on thi pecimen. (See drawing.) 
i. Tom-cods. San Francisco Bay, November 16, 1872. 
·. Common name on Pacific coast is smelts. San Francisco 
, J , 1 ber 16, 1872. 
o. 87. Shrimps. San Francisco Bay, November 16, 1872. (These 
creatures lived longer in the alcohol than anything I have seen except 
lizards.) 
- o. . Octopus. Common name among the fishermen is squid. I 
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suppose this is the pieuvre of Hugo's '' Les TravaJlleurs cle la, lller," or 
poulps. Farallone Islands, November 15, 1872. Occasionally caught 
on this coast. 'rhe :fishermen speak of it with dread, and evidently con-
sider it very formidable. This specimen was not considered a very large 
one; yet it must have been much larger than the one Hugo describes, 
as this one bas over 1,200 suckers to 400 of bis specimen. Adams speaks 
of one caught near the Meia-casbimah Islands as a very large one, be-
cause it could coyer an area of 12 feet in circumference. The arms of 
this one were about 42-feet long, and could cover an area at least 28 
feet in circumference. The Italian fishermen consider them good to eat, 
and -very good, too. The ink-bag was quite full, and had, I should say, 
over a half a pint of fluid in it. 
No. 89. Tront. McOlond River, November 2, 1872. 
:Xo. no. Rock-perch. Near Goat Island, San Francisco Bay, Novem-
ber 18, 18'72. 
No. 91. Porgee. Near Goat Island, San Francisco Ba:r, November 18, 
1872. 
No. 92. Salt-water trout. San Francisco Bay, November 18, 1872. 
No. 93. Hock-perch. Sau Francisco Bay, November 18, 1872. 
No. 94. Rock-perch. San Francisco Bay, November 18, 1872. 
No. 95. Salt-water trout. San Francisco Bay, November 19, 1872. 
No. 9G. Salt-water trout. San Francisco Bay, November 19, 1872. 
No. 97. Spider. Near Mount Shasta., October 10, 1872. 
No. 98, No. 99. There are no Nos. 98 and 99. 
No. 100. '.rhree specimens. White-fish, Russian River, Mendocino 
County, California, September, 1872. Uontribnted by J. Williamson. 
No. 101. Ilerring. Five specimens. San Francisco Bay, November 
22, 1872. Males very full of milt. 
No. 102. Rock-fl.Rh, rock-cod. Tltree specimens. San Francisco Bay, 
November 22, 1872. 
No. 103. Rock-fish, rock-cotl. Yellow. San Francisco Bay, Novem-
ber 22, 1872. 
No. 10!. ·water-dog. Tributary of :\1c01oud River, California, Oc-
tober 21, 1872. 
No. J Oi'i. Salmon heatl. A fresh-run fish. Caught at Rio Vista, Sacra-
me11to Hirnr, Novem.ber 21, 1872. Female. Rare at this season. Prime 
condition. Irat, silvery, and fine eating. Eggs very small. A true Sacra-
mento River salmon. (See drawing.) The Sacramento salmon command 
this mouth the highest price in the market-25 cents, retail; wholesale, 18 
cents-being more rare tltis month than at any time. There is another 
s~lmon (:-;cc No. lOG) which is sold in the San Francisco market at t.uis 
timeJ rnnch inferior, and not commanding so high a price. 
Xo. JOG. Salmon head. November 21, 1872. Male. 
Point Arena, Mendocino County, California. The fish referred to un-
<1Pr the last number. It resembled in form, the "fall run" of the McCloud 
males, in their best condition. It was, however, bright and silvery, with 
S. l\lis. 74-14 
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scales very much as in a prime fish. The scales were smaller than those 
of the Sacramento salmon, and brushed off easily, as with a smolt. Both 
jaws had large teeth, but, as will be observed in the specimen, they are 
smaller than in the McCloud River males and are fitted loosely and flexi-
bly into the jaw, as if set loosely in a piece of rubber lining. The teeth 
are, also, unlike the McCloud River fall run male, dark and dirty-look· 
ing. The teeth seemed to be in a transition state, and raised the q ues-
tion whether they were coming or going. A female of the same variety 
being found the next day with nearly ripe eggs, the inference seemed 
to be that the teeth of the fish must be coming. The milt of this fish 
was copious and prime. The eye, it will be observed, is larger than that 
of the Sacramento salmon. It also has a less forked tail. The fisher-
men say that it will not compare in table qualities with the true Sacra. 
mento salmon at this season. There were less fin-rays in the dorsal, 
pectoral, and anal fins than in the respective fins of Sacramento salmon. 
(See drawing.) Thero were grilse of this variety caught at the same 
place, in the San Francisco market to-day, bright silvery, and of very 
graceful form. These comman<Jed a high price. (See· drawing_of No. 
128.) 
No.107. Young cod-fishes. November 24, 1872. San Francisco Bay. 
No. 108. Spawn of Point Arena salmon, showing stage of de-
velopment. (See No. 106.) I learned from parties living at Eel River, 
north of Point Arena, that the salmon of that river come up to 
spawn in December and January, and if the rains are early, that the sal-
mon spawn in those months in Eel River. It is possible that No. 106 
was on his way to Eel River to spawn; as was also the female, having 
the eggs (No. 108). It is obvious from the advanced stage of the milt 
and eggs of these fish, that they were on their way to their spawning-
grounds. If it is true that the Eel River salmon deposit their eggs in 
December and January, we have then seven months of the year now 
known to be salmon-spawning months, namely, July, August, Septem-
ber, October, November, December, and January .. 
No. 100. Pelican. (Pelicanusfuscus.) San Pedro brook. November 
22, 1872. Contributed by J. Williamson. 
No. 110. Dried salmon. This is a fair specimen of the dried salmon, 
which the McCloud River Indians live on chiefly through the winter• 
Most of the salmon used for drying are taken in August and Septem her, 
when they are spawning or falling down the river exhausted, after 
spawning. They are then easily captured by spearing, or by traps. 
The spears are very long, and carefully made. The traps are merely 
baskets of bushes, placed at a fall or rapid, and winged on each side by 
a fence of stakes or bushes running at a slight angle up the river, so 
that the exhausted fish coming down the river, finally find their way into 
t i •· basket and are there trapped. The McCloud Indians do not try to 
trap the fish coming up the river, but only those going down, which is just 
the contrary of the principle of the wliite man's trap and nets. The In-
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dians, very singularly, prefer the exhausted and dying salmon for dry-
ing to the fresh and prime ones. As soon as a salmon is speared or 
takeu from the trap it is opened-the spawn always being saved as a 
luxury-and split and hung on a bush or fence made for the purpose, in 
the open air. In the dry air of California, the drying process is suffi-
cient to preserve them without salt. The Indians never use salt in pre-
serving their salmon, and will not eat salt meat of any description. 
·when the salmon are sufficiently dried, they are tied together in bunK 
d1es, and packed away around the sides of the lodges. These specimens 
were presented by one of the McOloud chiefs, and, repulsive as they seem, 
they represent the main support of the Indians during the winter, and 
are highly valued by them. 
No. 111. A deer-skin, tanned and dressed by the McOloud Indians. 
Used for making moccasins, and sometimes for clothes. Some of the 
deer-skins dressed by the Mc0louds are very white and soft. October, 
1872. 
No. 112. Deer-skin blanket. Prepared and sewed by the McCloud In-
dians. This is the common blanket of these Indians. October, 1872. 
No 113. Heavy buck-skin blanket. Tanned by the McCloud Indians. 
Large and heavy skins like this ~re used alone, as blankets. This one 
is nearly as large as the two sewed together of the last specimen. 
No. 114. Seeds, stalk, and leaf of plant used and highly valued by 
the Sacramento River Indians, for making thread and nets. It will be 
observed that it has a good fiber. Near Mount Shasta, October 10, 
1872. 
No. 115. White-perch. San Francisco Bay, December 2, 1872. 
No. 116. Nuts of the'' Digger" pine. Highly valued by the Indians 
as foou. October, 1872. 
No. 117. Soap-root. Mc01oud River, November, 1872. Used by In-
dians for making brushes. 
No. 118. Stones of which arrow-heads are made by the McCloud In-
<.lians. McOloud River, October, 1872. 
No. 119. Acorns and leaves of mountain live-oak. These acorns, togetb. 
er with the acorns of other oaks, form the next important staple of food 
to the dried salmon, among the McCloud Indians. The squaws gather 
them in great quantities, and make a kind of paste or soup :of them, in 
which form they are eaten, almost exclusively. McCloud River, Octo-
ber 7, 1872. Contributed by B. B. Redding. 
No.120. Parasite on pine-tree. McOloud River, October 31, 1872. Con-
tributed by J. G. Woodbury. · 
No. 121. Skate. San Francisco Bay, December 2, 1872. 
No. 122. Skate. Bay of San Francisco, December 2, 1872. 
No. 123. Y onng smelts. ( Atherinopsis calijorn-iensis ?) Bay of San Fran-
cisco, December 3, 1872. These are uni versal1y sold in California for smelts, 
and the people generally suppose t~at they are smelts. Three specimens. 
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o.124. Flounders. Three specimens. Bay of San Francisco, Decem-
ber 4, 1872 . 
• 0 • 125. Soles. Three specimens. Bay of San Francisco, Decem-
lwr L 1872. 
o. 126. Drawing. A fine specimen of a Sacramento River salmon, 
in prime condition. This was afresh-run fish, bright, plump, and silvery. 
Spawn very small. Caught at Rio Vista. Weight, 14 pounds. No-
, ember 11, 1872. Winter run. These fish have just begun to ascend 
the Sacramento, this one being among the first that were caught this 
season, of the "winter run." Only a very few are taken as early as this; 
t.bey are consequently rare in the markets and command a high price, 
(for Californi~,) viz, 25 cents a pound, retail, and 18 cents a pound, whole-
sale. This is the beginning of a run of prime fish which does not slacken, 
nor much depreciate in quality, till June. (See Report on Sacramento 
Salmon.) 
No. 127. Drawi-ng. Male salmon. McCloud River, October, 1872. 
Foul, emaciated, and tail partly worn off. Compare with last drawing, 
No. 126. 
No. 128. Drawing of grilse frequently seen in San Francisco market 
in Nov-ember. This fish is taken at Point Arena, (a point on the coast 
of California, in Mendocino County,) and is sent to the San Francisco 
market when the Sacramento salmon are scarce. It is a beautiful fish, 
in form and general appearance, and commands a high price. They are 
all about the size of this specimen. They are bright and silvery. The 
scales are small and brush off very easily, as in salmon smolt. November 
20, 1872. 
No. 129. Drawing. Sacramento salmon, in prime condition. Female. 
Rio Vista, November 11, 1872. Weight, 18 pounds. "Winter run." 
Oompare No.126. 
No. 130. Snake. ~enlo Park station, Southern Pacific Railroad, San 
Mateo County. October, 1872. Contributed by Mr. Williamson. 
No. 131. Salmon eggs. Dried by Indians for food. Esteemed a 
luxury. Presented by Indian chief. McCloud River, California, Octo-
ber, 1872. 
No.132. Arrows without points. Six specimens. McCloud Indians, 
McCloud River, California, October, 1872. 
No.13.3. Arrows, with stone points. McCloudindians, McCloud Rif'er, 
California. Six specimens. October, 1872. 
No. 134. Arrows, with steel points. Two specimens. Sacramento 
Riv-er Indians, (Upper Sacramento,) October, 1872. 
N o.135. Arrows, with glass points. McCloud Indians, McCloud River, 
California, October, 1872. Six specimens. 
No. 136. Arrows. Pitt River Indians. Pitt River, California, Octo-
ber, 1872. 
No. 137. Indian bow, made by Oon-choo-loo-la, chief of McCloud Indi-
ans, McCloud River, California. The· bow is made of yew, and is cov-
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ere<l. on the back with salmon skin, which is prepared by a secret which 
the Indians will not disclose. The salmon skin imparts a wonderful 
elasticity to the bow, which will bend back, when it is unstrung, several 
years after it is made. Con-choo-loo-la is probably the last of the great 
chiefa of the McOlond Indians. 
No. 138. Sprig of yew, from the wood of which the Indians make their 
bows. October 12, 1872. Upper Sacramento River. 
No. 139. Salmon-eggs. McUlond River, California, September, 1873. 
No. 140. Salmon-eggs, showing eye-spots. McUloud River, California, 
October, 1872. 
No. 141. Young salmon, just hatched and hatching. McCloud RiYer, 
California, October, 1872. 
No. 142. Shapaulle, (Indian name.) Clear Lake, Lake County, Cali-
fornia, February 5, 1873. Four specimens. 
No. 143. Tront. Clear Lake, Lake County, California, February 5, 
1873. Twenty-one specimens. 
~o. 144. Chy? (Indian name.) Clear Lake, Lake County, California., 
February 7, 1873. 
No. 145. Male trout. Supposed. to be two years old. Milt flowing. 
Cold Creek, Clear Lake, Lake County, California, February 8, 1873. 
No. 146. Perch. Soda Bay, Clear Lake, California, January 25, 1873• 
No. 147. ----0? Clear Lake, California, February 8, 1873. 
No. 148. Shy, (Indian name.) Clear Lake, California, February 10, 
1873. 
No. 149. Indian cake, made of the nuts of the pepper-tree. Used 
as food by the Clear Lake Indians. February 10, 1873. 
No. 150. Spawn of mountain-trout, showing its stage of develop-
ment in this variety. Cold Creek, Clear Lake, California, February 10, 
1873. 
No. 151 Salmon-trout. Kelsey Creek, Clear Lake, California. Girth, 
just in front of dorsal fin, 9 inches. Milt ripe. Formerly abundant, 
now becoming scarce. 
Oolor.-Dark gray on back, sha<l.ing off to lighter gray and pink, to-
ward the lateral line. Gill-covers bright vermilion-red. Band of same 
color, about! inch wide from gills to tail; brightest and broadest near 
the middle. Grayish-pink below red band. Abdomen white underneath, 
with blotches of grayish-pink. The fishermen say that this is the only 
variety of trout caught in or about the lake, besides the common moun-
tain-trout. The body of the fish was deep and thin; and very thickly 
dotted above the lateral line and on the caudal, dorsal, and adipose fins 
with black spots. There were a very few black spots below the lateral 
line, chiefly near the head and tail. The pectoral, ventral, and anal fins 
were of a dark-gray color, and without spots. 
No. 152. Sucker. l\Iale. Clear Lake, California. Milt ripe. February 
10, 1873. .Mem.-Suekers and trout in this locality spawn q,t the same 
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, ,He in ew England they spawn at exactly opposite seasons of 
the ,w: ; the suckers in May and the trout in October . 
.l: o. 153. Skin of mod-hen. Clear Lake, California, February 13, 1873. 
, · abundant and very tame. 
No. 154. Skin of white heron. Clear Lake, California, February 2, 
1873. Not abundant. 
o. 155. Water-lizard. February 10, 1873. Kelsey Creek, Lake 
County, California. 
No.156. Spawn of salmon-trout. Kelsey Creek, near Clear Lake, Cali-
fornia, February 11, 1873. 
No. 157. Pyloric appendages and milt-glands of No. 158. 
No. 158. Muraena. (Italian name.) Farallone Indians, December 
14, 1872. Spawn nearly ripe, and about the size of trout-spawn. 
No. 159. Lake-trout or salmon-trout. Burtnett's mills, Kelsey Creek, 
Lake Ooonty, California, March, 1873. Contributed by J. G. Woodbury. 
No. 160. Shy or chy. (Indian name.) Five specimens, (tag says six.) 
Cold Oreek, Lake County, California, March 8, 1873. Contributed by 
J. G. Woodbury. 
No. 161. Ni-c-coo,h, or mukJ1,-ush. Cold Creek, Lake County, Califor-
nia, March 8, 1873. By J. G. Woodbury. 
Numbers 161 to 167 omitted. 
No. 167. Skapaulle. Burtnett's mills, Kelsey Creek, Lake County, Cali-
fornia, March 9, 1873. By J. G. Woodbury. 
Nos. 168 to 208 omitted here; resumed further on. . 
No. 208. Trout. Independence Lake, on Sierra Nevadas, California, 
February 24, 1873. 
No. 200. Same as No. 208. 
Nos. 210 to 216. Chubs. Sacramento River, near mouth of' San Joa-
quin, February 25, 1873. 
Nos. 217 to 231. Perch. Sacramento River, Rio Vista, February 25, 
1873. 
Nos. 232 to 236. Hardheads. Sacramento River, near mouth of San 
Joaquin, February 25, 1873. 
Nos. 237 to 243. Sacramento pike. Sacramento River, Rio Vista, 
February 25, 1873. 
Nos. 244 to 250. Viviparous perch. Local name "sun-fish." Sacra-
mento Rh·er, Rio Yista, February 26, 1873. 
Nos. 251 to 262. Split-tails. Sacramento River, near Courtland, 
February 26, 1873. 
Nos. 263,264. Suckers. Sacramento River, Rio Vista, February 26, 
1873. 
Nos. 265 to 270. Herrings. Sacramento River, Rio Vista, February 
26, 1873. 
Nos. 271 to 273. Sturgeons. Sacramento River, Rio Vista, February 
26, 1873. Saw one, February 27, at Rio Vista that weighed 200 pounds, 
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and was 9 feet Tong. Was told of one caught here that weighed 600 
pounds. 
No. 274. Herring. Sacramento River, Rio Vista, February 26, 1873. 
No. 275. Lobster, (local name.) Sacramento river, Rio Vista, Califor-
nia, February 26, 1873. 
No. 168. Small fish. Cold Creek, Lake County, California, February,. 
1873. 
No. 169. Small fish. Cold Creek, Lake County, California, Februaryr 
1873. 
No. 170. Two specimens from Chinese fish-market at San Francisco,. 
February, 1873. 
No. 171. Heads of male salmon; two specimens. Point Arena, Cali-
fornia, December 1872. 
No. 172. Yellow rock-fish. Bay of San Francisco, November 22, 1872. 
No. 173. Small JJfor aena. (See No. 158.) Farallone Islands, March 
12, 1873. 
No. 174. Red-headed woodpecker. McOloud River, California, No-
vember 1873. 
No. 175. Blue-jay. McOloud River, November, 1873. 
No. 176. Salmon-spawn, showing stage of development. Rio Vista, 
February 26, 1873. 
No. 177. Salmon-spawn. Sacramento River, near Rio Vista, l\farch 
10, 1873. 
No. 178. One bottle containing seven small fish, from Clear Lake, 
Lake County, California, February, 1873. 
No. 179. Salmon-spawn. Near Rio Vista, December, 1873. 
No. 180. Salmon-spawn. Near Rio Vista, January 25, 1873. 
No. 181. Spawn of lake-trout. Clear Lake, February, 1873. 
No. 182. Young trout. Spawned and bred artificially from parents 
caught in the San Andreas reservoir, near Sau Francisco. (See No. 8 of 
first catalogue.) Three specimens. 
No. 183. Small water-dogs. McOloud River, California, November, 
1872. The bottle also contains two 1000-legged worms, and an unknown 
insect. · 
No. 184. Supposed to be the" steamboat-bug." Sereno Lake, Sierra 
Nevada l\Iountains, California, altitude 7,000 feet, November 9, 1872. 
ThiR inRect was found swimming in the water, under ice an inch thick or 
more. It seemed, says Mr. Redding, to gather water within its body by 
some process, and to propel itself along by ejecting it again from behind. 
It was obserYed some time in order that the pumping process of the in-
sect might be well ascertained. Contributed by Hon. B. B. Redding. 
No.185. Twig of pepper-tree. See No.149. Clear Lake, Lake County, 
California, February, 1873. 
11.-NOTES ON. THE SALMON OF THE MIRAMICHI RIVER. 
BY LIVINGSTON STONE. 
The salmon begin to arrive in the l\Iiramichi River about the 10th 
of June. There is, I believe, only one or two ~lays difference be-
tween the time of their arrival at the mouth of the river and at the head 
of tide-water, about sixty miles above. The salmon continue to run 
from the 10th of June to the spawning-season, (the middle of October,) 
and there is said to be one run after that, called by the fishermen the 
November nm. 
The flesh of the June runs of fish is very much the best; very fat, 
rich, and delicious. The quality of their flesh deteriorates steadily f~om 
this month till they spawn ; but the size of the later runs of fish seem to 
be about the same, except in the November salmon, which are smaller. 
This November run does not, I think, make its appearance every year, 
but usually. These fish seem to be in a great hurry, and make a rush 
for the spawning-beds without any of the delays on the way up which 
are noticed in the earlier runs. 
In June the salmon are all, males and females, bright and silvery, with 
small, gentle-looking heads, and plump and gracefully-formed bodies. 
At this time males and females look alike, and can hardly be distin-
guished. As the spawning-season approaches, both sexes, but especially 
the males, change their silvery coat and put on gorgeous colors; the 
spots varying from a pale blue and straw color in some fish to a·deep 
red, purple, and gohl in others. Their colors are mingled with all the 
other tints of the rainbow. Nothing can exceed the beauty of coloring 
of some of the handsomest male :fish at the height of the spawning-season. 
The head of the male, however, has changed for the worse. It has grown 
long antl low: the ugly-looking tush of the lower jaw has protruded its 
full length, and the whole expression of his head and eye is malicious 
and savage in the extreme. We found a few exceptional salmon of both 
sexes, of a dark silvery hue, without spots. They were usually the most 
difficult to handle; next to these in this respect came the deeply-colored 
males. The milder-colored fish were the easiest to manage. The dis-
tinction of the sexes was very marked at this time. The ugly head of 
the male and the swollen ovaries of the female furnished unmistakable 
indications of the respective sexes. 
The salmon in the Miramichi begin to spawn about the 15th of Octo-
ber, or, according to the Indians' almanac, when the juniper turns red. 
The spawning-season seems to be quite short, as the :fish were all through 
spawning in the river in 1868, (except the November ones,) on the 20th 
of October. On that day and the three succeeding days I swept the 
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riYer thoroughly, over nine miles of spawning-ground, with a very long 
sweep-seine, and of all the salmon we caught, which were a great many, 
there were only two which ha<l not spawned, and one of these had been 
injured by a spear-wound. The juniper having n<'W faded, the Indian 
chief pointed to it again, and sai<l, "Salmon all spawned; no more salmon 
spawn this year." This was not true, however, of our captured salmon 
in the ponds, two of which continued to hold their eggs till . the 15th of 
~overnber. Floating ice made its appearance in the river in large quan-
tities as early as the 20th of October, and by the first week in Novem-
ber the river was entirely closed, and fishing through the ice began. The 
salmon of the Miramichi average about nine or ten pounds in weight. 
The largest two which we caught weighed 30 pounds each. One was a 
male, the other a female. As a rule the males were the largest. There 
are no spring runs of salmon in the Mimmichi that I am aware of; but 
in tbe Saint John a variety of salmon comes up the river in the spring, 
and spawns in the spring. They are always expected aµ.d regularly 
fished for at this time. They are a little smaller than the fall fish of the 
Saint John, and weigh, I believe, eight or nine pounds each. The num-
ber of these tlsh is quite limited. 
The salmon of the Restigouche are larger than those of the MiramicLi, 
averaging perhaps twelve pounds. Very large salmon, weighing fifty 
or sixty pounds, are caught in the Restigouche. 
Opinion is very much divided among the fishermen as to the migra-
tory movements of the 1\1:iramichi salmon. Some say that there are salmon 
that go to the sea twice a year; others that they come from the sea but 
once in two years. It is certain that some remain through the winter 
in the river, and that there are.salmon going down the river in the spring. 
It is generally agreed .·that, as a rule, they spawn in October; that the 
young are hatched in the spring; that they remain in the river until the 
next spring or succeeding summer, when they put on the smolt-coat and 
go to the sea. They are then about six inches long. It is thought that 
they return to the ri vcr the same fall as grilse, weighing from three to 
eight pounds. This, I think, is the common opinion, but Ido not consider 
that the belief is l>y any means fully established. I saw thousands of 
smolts going down the river in July, which I cannot believe were the 
grilse that we cimght the following fall. Is it not possible that some of 
the smolts remain in the ocean till the next year 1 One-half the parrs 
of rach year, without doubt, remain two years as parrs in fresh water 
before going to the 1-wa. 
FHA.ff\:rEKTARY NOTES. 
Salmon arc very ahu1Hlant in the l\Tiramichi and in all the rivers east 
of it. l\fossr::;. Stone ancl Goodfellow shipped 60,000 pounds of fresh 
salmon from thi;-; river to Boston and New York from June 10 to July 
10, 18G!), I never saw a fisherman who had found food in the stomachs 
of tho salmon taken in tlrn river. Our Ralmon in the artificial breeding-
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n had no food while in confinement, which, in some instances, lasted 
·1 11 ti • 1st of September to the middle of November, two months and 
. bal . Of the fall runs of fish from tide-water to the spawning-beds 
l t u II numerous trere between September 27 and October 4. We 
t \ i ,,, caught a hundred salmon a night at this time in our stake-net set 
t ro . the river. 
The L,•· of these salmon vary very much in size, some not being 
uri••·•· than small trout-eggs, others being a third larger than the aver-
:, size of salmon-eggs. The fishermen claim that they can distinguish 
a Restigouche salmon from a Miramichi s~lmon, when one of the former 
straysinte the Miramichi. 
In September large numbers of salmon lie in the holes a few miles 
below the spawning-beds, waiting for a rise of water. When the rain 
comes and the water rises, they rush up over the rapids to their spawn-
ing-grounds in great numbers. The salmon on the Miramichi were 
caught in 1868 by the whites, mostly in stake-nets rllllning out from 
the shore about 250 feet. The Indians speared them. We found good 
and abundant milt in the male grilse. I never saw a, female grilse in 
the Miramicbi. If I recollect rightly, I have seen milt in a salmon-parr. 
The habit.a of these salmon about spawning, and in general, resemble 
those of eastern salmon elsewhere. The number of, eggs in a fish is 
• bout 1,000 to the pound. See Canadian fishery reports for information 
about modes of capture, &c, &c. 
VIII.-THE SALMONID£ OF EASTERN MAINE,~EW BRUNSWICK, 
AND NOV A SCOTIA. 
BY CHARLES LAX;\IA~. 
NoTE.-1 am indebted to Mi'. Charles Lanman, the well-known artist, 
traveler, and sportsman, for accounts of the habits of the salmon, trout, 
togue, white-fish, capeton, smelt, shad, and gaspereau, or alewife, of 
Eastern Maine, New Brunswick, and Nova Scotia, based partly on the 
inquiries of Mr. Moses H. Perley, but supplemented and verified by his 
own experience. Having spent many summers in the region referred 
to, and always with his attention directed to the habits of the species, 
the present article, hitherto unpublished, will be found to embody some 
interesting additions to our knowledge. It is proper to· state that it 
was written many years ago, and therefore cannot include the more 
recent additions to our knowledge of the same species. 
Notices by Mr. Lanman of the white-fish and the shad will be found 
in their appropriate places. · 
S. F. BAIRD. 
1.-THE BROOK-TROUT, (Salmo fontinalis.) 
Nearly every lake and streflJm in New Brunswick and Nova Scotia is 
furnished with a greater or less number of this :i!pecies of the salmon 
family. It is taken of all sizes, from six to twenty inches, and is so 
well known as scarcely to need a description. Its principal character-
istics are the vermilion dots and larger yellow spots in the vicinity of 
the lateral line, and the tri-colored fins, these being blackish on their 
edges, broadly bordereu with white, and the rest scarlet. 
The brook-trout is a migratory fish; when in its power, it invariably 
descends to the sea, and returns to perpetuate its species by depositing 
its spawn in the clearest, coolest, and most limpid waters it can find. 
During the last thirty years, the writer has caught many thousands of 
these trout, in numerous rivers, lakes, streams and estuaries, in the 
lower provinces and in Maine, and can safely say, after close and atten-
tive examination, that he has never seen but one species of the brook. 
trout, whatever naturalists may say to the contrary. 
Various causes have been assigned for the great variety in the color 
of the brook-trout. One great cause is the difference of food; such as 
live upon fresh-water shrimps and other crustacea, are the brightest; 
those which feed upon May-flies and other common aquatic insects are 
the next; and those which-feed upon worms are the dullest and darkest 
of all. 
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The color and brilliancy of the water. bas, also, a very material effect 
upon the color and appearance of Salm<> fontinalis. Professor Agassiz 
i:i made some very curious experiments with respect to the colors of 
r Li , especially the Salmonidm ; and he bas ascertained beyond a doubt 
not • 11 • that trout of different neighboring waters are affected by the 
color and quality of the water, but that trout of the same river vary in 
color, accordingly as they haunt the shady or sunny side of the stream. 
The fl.sh of streams rushing rapidly over pebbly beds are superior, 
both in appearance and quality, to those of ponds, or semi-stagnant 
brooks. But this may arise, not so much from any particular compo-
nents of the waters themselves, as from the fact that rapidly running 
and falling water is more highly aerated, the atmosphere being more 
freely intermingled with it, and therefore more conducive:, to the health 
and condition of all that inhabit it. 
There is no sportsman actuated by the tme animus of the pursuit, 
who would not prefer basketing a few brace of good trout, to taking a 
cart-load of the coarser and less game denizens of the water. His wa-
riness, his timidity, his extreme cunning, the impossibility of taking him 
in clear and much-fished waters, except with the slenderest and most 
delicate tackle; his boldness and vigor after being hooked, and his 
excellence on the table, place him, without dispute, next to the salmon 
alone, as the first of fresh-water fishes. The pursuit of him leads into 
the loveliest scenery of th~ land; and the season at which he is fished 
for is the most delightful portion of the year. 
The brook-trout rarely exceeds three pounds in weight, and no well-
authenticated case is on record of one of the species having reached 
the weight of six pounds, in these lower provinces. 
2.-TBE GREAT GRAY-TROUT OR TOGUE, (Salmo toma.) 
This fish is found in all the large lakes of New Brunswick, and in very 
many of those in Maine, but it is believed not to exist in the lakes of 
.. ova Scotia. It is called by the lumbermen the togue; the Indians 
designate it by a name equivalent to "fresh-water cod." It is found in 
great numbers and of' large size in the Eagle Lakes, at the head of 
Fish River; in the St. Francis Lakes, from which flows the river of 
that name; and in the Matapediac Lake, which discharges itself into 
the Restigouche, and in the Mirimichi Lake, at the head of that river. 
In Lake Temiscouata, this fish has been taken of the weight of 21 
poum It is there called the tuladi. It is often taken of the weight 
of 12 pounds, and upward, in the Cbeputnecticook Lakes, at the head 
of the eastern branch of the Saint Croix. One sporting friend informs 
the writer that he caught two of these fish on the Saint Croix Grand 
Lake, one of which weighed 8 pounds, and the other 13 pounds, but 
that he saw one taken by a night-line which weighed 25 pounds. 
Another sporting (riend, a resident of Ne~ York, informs the writer 
that he bas "9isited the lakes on the western branch of the Saint Croix, 
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where he caught several togue, weighing from 4 pounds upward. The 
largest he caught measured 29 inches in length, but weighed 8 pounds 
only, not being in good condition. 
It has been f01md oflate years that this species of fish exists in con-
siderable numbers in Loch Lomond, twelve miles from the city of Saint 
John; and they have, in cousequence, been sought after by sportsmen, 
who take them from a boat, by trolling over the deepest portions oft.he 
loch . 
.A. specimen of this fish, taken in Loch Lomond in 1848, was said to 
correspond bxactly with the fish descrilJect. by l\Ir. Yarrell as Salmo ferox, 
the great gray-trout of Loch .A. we. 
This fo,h is taken from a boat rowed gently _through the water; the 
bait, a small fish guarded by several good-sized hooks. They are ex-
tremely voracious, and having seized the bait, will allow themselves to 
be dragged by the teeth for forty or fifty yards, and when accidentally · 
freed, will again immediately seize it. The young fish, up to 3 pounds 
weight, rise freely at the usual trout-flies; the writer has often taken 
them up to that weight by fly-fishing, but never larger. 
When in perfect-season and full-grown, it is a handsome fish, though 
the head is too large aud long to be in accordance with perfect ideas of 
symmetry in a trout. The colors are deep purplish-brown on the up-
per parts, changing into reddish-gray, and thence into fine orange-yel-
low on the breast aud belly. The body is covered with markings of 
different sizes, varying in number in different individu~ls. Each spot 
is surrounded by a pale ring, which sometimes assumes a reddish hue; 
the spots become more distant from each other as they descend below 
the lateral line, and the lower parts of the fish are spotless. The fins 
are of a rich yellowish-green color, darker toward their extremities. 
The tail is remarkalJle for it breadth and consequent power. The flavor 
of this fish is coarse and indifferent; the flesh is of an orange-yellow, 
not the rich salmon-color of the common-trout, in good condition. The 
stomach is very ca,pacious, and generally found gorged with fish ; i.t is 
very voracious. 
3.-'.l'IIE WIII'.l'E SEA-TROUT, (Salmo immaculatus.) 
This beautiful trout abounds in the Gulf of St. Lawrence; it is found 
011 tlrn northern Rhorcs of New Brunswick and in the estuaries of those 
rivers of Ne"' Brunswick and Nova Scotia which flow into tlte gulf 
and the Strait or' Ua,nso, early in June. It is caught in nets at the 
Magdalen Islands in summer, and salted for export. Many ~portsmen 
resort annually to river Philip iu Nova Scotia, during the month of June, 
to fish for these sea-trout,, which enter the estuary of the rhTer at that 
season. No specimen of this fo,h has yet been seen in the Bay of Fundy, 
which it is supposed not to fre<rnent. 
The flesh of the Ralmou-tront is of a brilliant pink-color, and most 
excellent; its exceeding fatness early in the season, when it first enters 
222 l! EPORT OF COMMISSIONE~ OF },ISH AND FISHERIES. 
the mi "'l water of the estuaries, is such, that it can be preserved 
·r . h but : , ,·r - short time. The body of the ftsh is rather deep for its 
Ii· L ;.r , ; the lateral line is very nearly straight, passing along the mid-
d , of the body, the scales adhering closely. The upper part of the head 
and lu 1. , a rich sea-green color; the lower part of the sides and belly, 
a brilliant silvery-white; the ftns white, except the dorsal, which is 
nearl · the color of the back. 
Sir. William Jardine, in speaking of this fish, accur.ately describes its 
I , 1 bits, as observed in New Bruoswick. He says: "In approaching the 
entrance of rivers, or in seeking out as it were some one they preferred, 
shoals of these ftsh may be seen coasting the bays and harbors, leaping 
and sporting in great numbers, from about one pound to three or four 
pounds in -weight; and in some of the smaller bays1 the shoal could be 
traced several times circling it, and apparently feeding." 
Mr. JI. Robinson Storer, during his visit to Labrador in 1849, met with 
a single specimen of the .salmon-trout of the gulf at Red Bay, in the 
Straits of Belle Isle, and designatecl it Salmo immaculatus. The scientific 
description he gives is accurately that of the present, and is as fol-
low. : • 
"Color.-Silvery on sides and abdomen; darker on back; no spots. 
" Deacr~tion.-Length of head about one-sixth length of body; depth 
of head, two-thirds its length; greatest depth of body directly in front 
of dorsal ftn, equal to length of head. Upper jaw the longer. Jaws 
with numerous sharp incurved teeth. Eyes laterally elongated; their 
diameter one-third the distance between them. Opercles rounded pos-
teriorly; lower portion of operculum naked, marked with concentric strim; 
preopercle larger than in the fontinalis; scales larger than those of the 
Jontinalis. Lateral line commences back of superior angle of opercle, 
and, assuming the curve of the body, is lost at the commencement of 
the caudal rays. The first dorsal ftn commences just anterior to median 
line; is nearly quadrangular. Adipose .fin situated at a distance back of 
the.first dorsal, little less than one-half the length of the .fish. Pectorals 
just beneath posterior angle of operculum; ·their length three-fifths 
that of the head. Ventrals just beneath posterior portion of .first dor-
sal; the plates at their base very large. The anal is situated at a 
distance back of the ventrals just equal to length of head, and terminates 
directly beneath the adipose fin ; of the form of .first dorsal. Caudal 
deeply forked; its length equal to greater depth of body. Dorsal, 9; 
pectorals, 13 ; ventrals, 9 ; anal, 11; caudal, 30 ; lengtli, 13½ inches." 
To the epicure a fresh-caught salmon-trout of the Golf of Saint Law-
rence, especially early in the season, will always afford a rich treat. 
The sportsman will .find it a thoroughly game-fish, rising well at a bril-
liant fly of scarlet ibis and gold, and affording sport s~ond only to 
salmon-fishing. The writer has caught this fish with the scarlet ibis 
fly in the break of the surf, at the entrance of Saint Peter's Bay, on 
the north side of Prince E<l ward Island, of the weight of 5 pounds ; but 
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the most sporting fishing is from a boat, under eas~r sail, with a 
"mackerel breeze," and oftentimes a heavy" ground-swell." The fly 
skips from wave to wave, at the end of thirty yards of line, and there 
should ue at least seventy yards more on the reel. It is truly splendid 
sport, as strong fish will oftentimes make a long run, and give a sharp 
chase down the wind. 
At Gaysboro' and Crow Harbor, in the Strait of Canso, . there is 
excellent sea-trout fishing at the end of June, as also in the great Bras 
d'Or Lake, within the island of Cape Breton. The largest sea-trout 
rarely exceed seven pounds' weight; these are taken around the Mag-
dalen Islands, and in the estuaries of all the rivers of the Labrador 
coast, frcm Mingan to the northern end of the Straits of Belle Isle. 
· 4.-THE SAL3'ION, (8alrno satar.) 
The noble salmon, which honest Isaac Walton justly calls "the king 
of fresh-water fish," is so well ,known in the · North American colonies 
as to need no description. 
As in w-estern Europe, so in Eastern America, it is generally believed 
that them is but one species-Salmo sc.,lar-the salmon; and that they 
are the same iu both countries. 
Tlle salmon enters the rivers of Nova Scotia during the latter part of 
April. Those rivers of New Brunswick which fall into the Bay of Fundy, 
the salmon enters at the latter part of May, while it seldom enters those 
falling into the Gulf of Saint Lawrence until the month of June. 
The female salmon first enters the rivers; the male fish follows about 
a month later than the female; and lastly, come the grilse, or young 
salmon, which continue to ascend the rivers during July and August. 
Salmon swim with great rapidity-shoot up the most oblique and 
glancing rapids with the Yelocity of an arrow, and frequently leap falls 
ten and twelve feet in height. It is believed that the utmost limit of 
perpendicular height which a salmon can attain in leaping is fourteen 
feet; but their perseverance is remarkable, for, although they may fail, 
time after time, yet, after remaining quiescent for a few moments to re-
cruit tl1eir strength, they renew their efforts and generally succeed; but, 
it is · said, they sometimes kill themselves by the violence of those 
efforts. 
In New Bmnswick the salmon seldom deposits its spawn until the 
middle of October. Tlle fish that have spawned generally return to the 
sea before the rivers become ice-bound in December, but many remain 
in the fresh water all winter, and go down to the sea at the breaking up 
of the ice in spring. 
Before entering tlle rivers, they live awhile in the brackish water of 
the tide-ways, as they do also when they descend to the sea, to render 
the change from one to the other less abrupt, and to rid themsekes of 
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, 1 . in p:i rasi t ical animals which attach to them when they remain l11n ~ 
.it 1, • in fresh water or in salt, as the case may be. 
r h spawn is not deposited until the water is greatly below its sum-
"' •rt ·111pn lm· . Professor Agassiz stated personally to the writer, 
h .i 1 • r , : 1 brenheit's thermometer, or 10° above the freezing-point, was 
t l11• temperature at which salmon usually cast their ova. It is abso-
l't l . - necessary that the water should be aerated, or highly supplied 
\\i h . gen; hencetbesalmonresortto shallow,purewater, andswiftly-
mmiug streams, the rapidity and frequent falls in which impart purity 
, 1111 , italit. , by mingling their waters with the atmosphere. 
The food of the salmon, previous to its quitting the salt water, con-
i t· of the eggs of Ec11,inoder1nata and Crustacea, this rich aliment giving 
the color and fial"or for which its flesh is so highly prized. This is 
sustained bs the observations of Professor Agassiz, who states that the 
most beautiful salmon-trout are found in waters which abound in Orm-
' n ,, , direct experiments having shown to his satisfaction that the in-
tensit · of the red colors of their flesh 'depend~ upon the quantity of 
Gammaridre which they have devoured. 
Fl., -fishing for salmon in Nova Scotia and New Brunswick increase& 
annually, as the various rivers become known, and the proper localities 
and seasons are ascertained. The two most noted rivers in Nova Scotia 
· re the Gold River, which flows into the .Atlantic west of Halifax, and 
Saiut Mary's Rirnr, to the eastward of that port. In New Brunswick 
· l 1l'. 1 rivers are the Southwest Miramichi, from Boiestown upward, 
and the . · episiguit River, which flows into the Bay ofChaleur, at Bath-
m . It isknown, however, that there is good salmon-fishing in several 
other rivers of both provinces, while it is believed that there are many 
r ff ·r 1 especially in the northern part of New Brunswick, yet untried, 
\ hicb, if visited by experienced sportsmen, not afraid of rough work 
at 1be outset, would afford good sport anci heavy fish <luring the whole 
1, · every season. 
5.-1.'HE .AMERICAN SMELT, ( Osmerus mordaz.) 
This beautiful and savory fish abounds in New Brunswick and Nmra 
, 't·,,tia; it is sometimes taken a foot in length, but its average size is 
bout 5 or G inches. Very soon after the rivers are freed in spring from 
their i1•• fetoors, the smelts rush in to the smaller streams, in countless 
thou · u.,; and are then taken with the most wast,eful profusion. The 
I " 111 • r name of smelt is given to this fish from its peculiar smell, which 
n ·m bles hat of cucumbers; this is strongest when the fish is first 
taken, but. it may be perceived ·by raising the gill-covers, after the fish 
lms been some time out of the water. 
On tl: gulf coast of New Brunswick large quantities of the smelt are 
1 ed .- ery season as man~re. At 1\Iiscou and other fishing stations in 
the Bay of Chaleur it is taken in great numbers, with the seine, and 
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used as bait for cod. The endless abundance of the smelt causes it to 
be less valued as food than it really deserves. 
The smelt feed largely on the shrimp. +hey bite readily at the hook, 
baited with a piece of any of the crustaceous animals, and affords end-
less sport to young anglers. They are also caught in thousands by fish-
ing through boles cut in the ice, during winter, and are then greatly 
prized. The writer has frequently taken the smelt with a small scarlet 
fly, while fishing for sea-trout in the Gulf of Saint Lawrence, and they 
would undoubtedly furnish very pretty light sport, if other and nobler 
game did not exist in the same locality. 
6.-THE CAPELIN, (Mallotus villosiis.) 
This, the smallest species of the salmon family, inhabits the northern 
seas only, never ranging farther south than the shores of New Bruus _ 
wick. It is very nearly allied to the genus Os,nen.ts. The capelin is 
from 4 to 7 inches in length, the back and top of th~ head a dull leek-
green, with bright green and yellow reflections, when moved in the 
light; sides and belly covered with delicate and very bright silvery 
scales, which are dotted on the margins with black specks; the back 
covered witb small, smooth grains, like silagreen. The manner in which 
the capelin deposits its spawn is one of the most curious circumstances 
attending its -natural history. The male fishes are somewhat larger 
than the female, and are provided with a sort of ridge projecting on 
each side of their back-bones, similar to the eaves of a house, in which 
the female capelin is· deficient. The latter, on approaching the beach 
to deposit its spawn, is attended by two male ti.shes, who huddle the 
female between tllem, until tile whole body is eoucealeJ under the pro-
jecting ridges, and her head only is visible. In this position all three 
run together, with great swiftness, upon the sands, when the males, by 
some inherent imperceptible power, compress the body of the female, 
between their own, so as to expel the Hpawn from the oritice and the tail. 
Haviug thus accomplished its delivery, the three capelins separate, aud 
padilliug with their whole force through the shallow water of the beach, 
generally succeed in regainiug once more the bosom of the deep; 
although many fail to do so, and are cast upon the shore, especially if 
the surf be at all heavy. Like the common smelt, the capeliu possesses 
the cucmnber smell; but it differs from the smelt in never entering fresh-
water streams. 
As an article of bait for cod, and other fish of that class, the capelin 
is of much importance; wherever abundant, the cod-f:i~hiug is excellent. 
It bas been found as far north in the Arctic regions as man has yet 
penetrated; and it forms so important an article of food in Greenland, 
that it has been termed tlle daily bread of the natives. In New Found-
Iand, it iH dried in large quantities, and exported to London; where it is 
sold principally in the oyster-shops. 
S. lVlis. 74--15 
IX.-ON THE SAUION OF EASTERN NORTH AMERICA, AND 
ITS ARTinCAL CULTURE. 
BY CHARLES G. ATKINS, 
.A.-SALMON-CULTURE FROM IMPORTED SPAWN. 
1.-TBE APPOINTMENT OF COMMISSIONERS, AND THEIR PRELIMINARY 
WORK. 
The extended efforts now making in the United States to restore 
anti improve the river and inland fisheries had their origin in N~w 
Hampshire In 1864. The late Bon. Henry A. Bellows, of Concord, 
secured the adoption, by the legislature of that year, of resolutions pro-
viding for the appointment of commissioners to investigate the question 
of restoring the migratory fishes to the Merrimac and Connecticut Rivers, 
and requesting the States bordering on those rivers to pursue the same 
investigation. New Hampshire appointed H. A. Bellows and W. A. 
Sanborn. The other States responded favorably; Masl-lachusetts ap-
pointing, in 1865, Theodore Lyman and Alfred A. Reed; Vermont, in the 
fall of the same year, appointing Albert D. Hager and Charles Barrett; 
Connecticut, in 1866, appointing F. W. Russell and Henry C. Robinson. 
The principal impediments iu the way of the ascent of the rivers in 
qnestion by fish lying in Massachusetts, the burden of the investiga-
tion naturally fell upon her commissioners, who thoroughly examined 
t 1 • subject in all its bearings, and in their report discussed in a lucid 
manner the habits and wants of the fish, the character of the 
iml' •' 1iments, and the means of overcoming them; and pronounced the 
p1 1'1 t' feasible. The commissloners of the other States made similar 
·r•ort · and the several legislatures continued the commissions, giving 
them authority to institute measures for the realization of the project. 
sear later the State of Maine appointed commissioners for a similar 
purpose, and more recently the same action was taken in New York, 
Uhod6 Island, New J6rsey, and Michigan. The powers and duties of 
the commissioners in the States that led the movement have been some. 
what enlarged, but the main purpose of their first appointment, the 
restoration of migratory fishes, such as shad, salmon and alewives, to 
the rivers they formerly frequented has been steadily kept in view. 
From the beginning the commissioners found serious difficulties in 
the way; not only were lofty dams to be furnished with ways whereby 
great shoals of fish could and would surmount them, but in many caijes, 
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and as regards salmon in most cases, the fishes themselves were want-
ing, having been utterly ex term in aited, and not to be had again witl10ut 
bringing a new stock from abroad. Nor would it 40 to bring adult 
salmon and plaee them in the rivers to be restocked, for they could not 
be relied upon to remain and breed there. If, however, the salmon 
shoul,l be reared there from infancy they would return when grown to 
lay their eggs in the same streams. To get the ;young fish the most_ 
feasible mmle was to bring the spawn and hatch them. One of the very 
first things the commissioners did, therefore, was to cast about them for 
a supply of spawn. 
2.-0I~ERATIONS IN 18G6. 
In the fall of 1866 the commissioners of fisheries of the State of New 
Hampshire dispa,tched Dr. V{. W. Fletcher, of Concord., to New Bruns-
wick, to obtain salmon-spawn for use in stocking the Merrimac River. 
He obtained permission from the goYernment of the province to take 
salmon for his purpose at the spawning season on thn Miramiehi River, 
and succeeded in taking with the spear salmon enough to yield about 
70,000 eggs. Great uucertainty existing as to t4e best mode of packing 
eggs for transportation, Dr. Fletcher packed his ·in several modes. Some 
fifteen or twenty thousand were packed in moss in champagne-baskets, 
and these alone were tram1ported to New Hampshire in safety. .A small 
part of them, two or three hundred, were batched iu a spring near Con_ 
cord, wllere their development could be olJserved, and no per cent. of 
tllem hatched. The remainder of the lot was planted at once in arti-
ficially-prepared beds in suitable gravelly rapids in the Pemigewassett 
River, a tril.mtary of the Merrimac, where they were left to take their 
chances of hatching. The following autumn . Dr. Fletcher discovered 
several young salmon (parrs) in that vicinity, a satisfactory proof tha_t a 
certain uegree of success attended tlle batching of the eggs. 
3.-0PERA'l'IONS IN 18G7. 
This year Dr. Fletcher was agaiin dispatched by the New Hampshire-
commissioners to the Miramicbi l{i,·er, and olJtainetl again about 70,000 
salmon-eggs, nearly all of whicll were transported in 8afety to New 
Hampshil'e. AlJout half of tllese were placed in charge of Livingston 
Stone, of Cllarlestown, N. H., to be batched out for the benefit of the 
Connecticut River; the otller half were sent to Robinson and Hoyt, at 
Meredith, N. H., to be hatched out for the Merrimac . .About 5,000 were 
Latched iu each place,*t tlie remain<ler failing by reason of non-fecunda-
tion.* Of the fry hatched at Charlestown nearly all were lost during the 
hot days of July, 1868.* . Of those hatched at Meredith but very few 
were lost, and tlte following spring they were turned into the Pemige-
wassett, a fow miles above Livermore Falls.t 
"Report, of t.he [Massachusetts] Commissioners of Fisheries for the year ending 
Jaunary 1, 18G9. 
t Letter of Hobinson & Hoyt. 
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4.-0PERATIONS IN 1868. 
This year Mr. Livingston Stone, under the patronage of the States of 
1\h · a •h usettsand New Ha.mpshire,establishedasalmon-breedingestab-
lisbmeut on the northwest branch of the Miramichi River, eight miles 
above Newcastle, on the farm of Mr. Joseph Goodfellow. A hatching-
hoose, 100 feet by 27, was built, and a pond with an area of about an 
acre. A Jarge spring and a spring-brook supplied them with water. The 
Canadian department of marine and fisheries granted a permit to carry 
on the enterprise, including the privil~ge of taking the fish and spawn 
at the breeding season, under certain conditions, the main one being 
that half of the eggs obtained should be hatched out on the Miramichi 
and the young fish turned into its waters at the proper time. In Sep-
tem ber Mr. Stone, through bis employee, began the work of catching the 
parent fish. A stake-net was set in the river, and the salmon caught in 
it each day were placed in the pond. Owing to a misunderstanding of 
some sort, this work was interrupted by the local fishery officers, who 
seized successively seven or eight nets. For this reason a sufficient 
number of salmon were not caught, although it appears that on two 
oocasionM, between September 27 and October 4, one hundred salmon 
were taken in the nets in a single night. The collection of salmon con-
tinned until October 15. At this dtA.te the taking of spawn from fish in 
the pond began. On the 15th, 16th, and 17th twenty-eight females 
were stripped, yielding 226,500 eggs. After this there were stripped, 
from among the salmon already impounded, eighteen females, and from 
the river two more were taken, ripe and full, after the 20th of October. 
Thus the whole number of females stripped was forty-eight, and the 
yield of eggs was 443,900. • 
These were all deposited in the hat-0hing-house, and there remained 
until the appearance of the eye-spotc1. The loss meanwhile, from all 
causes, amounted to 87,900. The remainder, 356,000 eggs, were divided 
into two equal portions; one was left in the troughs to hatch, and tl.ae 
other packed up and transported to New Hamp~hire. After Mr. Stone's 
departore with the transported eggs, the establishment was left in 
charge of Mr. Joseph R. Goodfellow, the owner of the farm on which it 
was situated. According to Mr. Stone's figures, there were 178,000 eggs 
left there. From the best information at my command it appears that 
they all came to naught. Late in July, 1869, the establishment was 
visited by Mr. Samuel Wilmot, the ~uperintendent of the salmon-
b~eding establishment at Newcastle, Ontario, who found the young 
fry still in the troughs. He stat.es that they did not exceed 10,000 
in number, and that they were in a very unhealthy condition.f I 
infer that this was all that remained out of the whole lot of eggs. A 
few dayR later Mr. Goodfellow tm·ned out all the young salmon remain-
• Domesticated Troat, by Livin;ston Stone, A. M., p. 300. 
t Annual Report of the Department of Marine and ~,isheries, [Canada,] for the year 
ending 30th Jone, 1869, p, 107. 
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ing into the tidal part of the Miramichi River, where it is possible that 
they all perished.* 
Mr. Stone's share of the eggs was packed up in moss and successfully 
transported to his breeding-works at Charlestown, N. H. The Massa-
chusetts and New Hampshire commissioners, jointly, purchased 100,000 
· of them, to be devoted to the restocking of the Merrimac River, and 
these were sent to the hatching-works of Robinson & Hoyt, of Mere-
dith, N. H.; 7,600 were sent to the Massachusetts State hatching-house 
at East Wareham ; small lots to ·winchester and West Barnstable, 
Mass.; to the Poquonnoc Fish Compauy of Connecticut, and the South 
Side Club of New York. 
The exact number delivered to Messrs. Robinson & Hoyt was, ac-
cording to Mr. Stone's estimaite, 99,400. From these were picked out 
53,123 eggs that showed no sign of fecundation.t The rate of fecunda-
tion was therefore about 46 per cent. of those transported. Of the fe-
cundated eggs only 329 died during incubation, leaving 45,948 that 
hatched. The first fish came out Jauuary 6; the hatching culminated 
on the 20th, and was concluded Febrnar,y 1. The incubation was con-
ducted in a graveled trough with a gentle current of water an inch 
deP-p. After hatching, they were placed, at tlie snggestiou of the com-
missioners owning them, in a wooden tank 60 feet long, 4 feet wide, 
and from 1 to 2 feet deep, and were fed by placing :finely-chopped food 
in a stream of water which was led into a spout with a perforated bot-
tom that ran the whole length of the tank, the food being thus very 
evenly distributed. The conditions, howev~r, failed to meet the wants 
of the fish, and during the summer fully three-quarters of them died.t 
In October a freshet carried the greater portion of those aiive into a 
trout-pond, from which, probably, few ever escaped. The remainder 
were kept until the following summer, when they were set at liberty in 
the Pemigewassett River, having meanwhile become reduced in number 
to about I,000.t 
Among the eggs carried to Massachusetts there was about the same 
ratio of fecunuation. Of the 7,600 sent to the State hatching-house 
4,280 proved defective, the most of them being infecund; and the 
number hatched out was 3,320. During the season these got mixed 
with a lot of Schoodic salmon of the same age, and it was found im-
practicable to sort them out. They were left together until the close of 
the season. Until the 1st of S~ptember they were kept iu a hatching-
trough, where the water was only 4 inches deep. During this time, 
though perfectly healthy and feeding heartily, they grew very slowly, 
attaining a length of only au inch and a half. Most of them were then 
transferred to a long trench, with a foot of water and plenty of room, 
* Annual Report of the [Canadian] Department of Marino and Fisheries for the year 
endi11g 30th June, 1869, p. 107. 
t Letter of Robinson & Hoyt. 
t Fifth Annual Report of the [Massachusetti,q Commissioners on Inland Fisheries, 
January, 1871, p. 11. 
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i nd 1•1 P by the end of October, a large part of them attained a length 
of : inches. They were now about nine months old, and only 8 per. 
•·• 11 t. of them bad been Jost since hat.ching. At West Barnstable 
It• . 1 • Dexter, Coolidge & Bacon batched out, for the State, 1,700 
: l11u I and kept them through the season, losing, between the middle 
of .J;. and the last of November, only 4 per cent.of this number. The 
111 1 , •. t of them were then 5 inches long, a remarkable growth, which is 
ttributed in part to their having occupied during the summer and 
fall I pond 2 feet deep. About an equal number of salmon (1,700) 
,. 1 hatched by Mr. E. A. BrackP.tt, of Winchester.• The final distri-
bution of the several lots of young salmon hatched in Massachusetts 
from this stock of eggs is, as far as I have been able to trace it, as fol-
lows: 700, raised at Winchester, in the Mystic River; 1,500, raised at 
West Barnstable, in one of the streams of Oape Cod ; the brood at 
East Wareham, "in suitable waters."t 
Of the salmon hatched by Mr. Stone himself, 2,000 were sold in the 
s1>ring of 1809 to the Poquonnoc Fish Oompany of Connecticut. A 
of them were kept in the trout-ponds until the spring of 1870, and 
the rest were turned into Great Brook, a small stream tributary to Long 
Island Sound, about three miles east of New London.• Of those re-
tained in the ponds a few became smolts in 1870, and all were turned 
into the ~ame brook to take their chances. Ninety yearling salmon 
from the same stock of eggs were this year purchase4 of Mr. Stone 
and placed in the same waters.t 
Another lot of fry from Mr. Stone's hatching-works were sold to Ver-
mout in 1869, and placed by her commissioners in small tributaries of 
the Winooski River, near Montpelier, and in West River, at Weston. 
Some observations ma.de on the fortunes that attended these fish gave 
results that are worth recording as illustrating the dangers to which 
young fish are exposed. Oare was taken to select streams in which 
there were no fish but very small ones ; yet it was but a short time be-
fore quite a number of small dace were discovered in the midst of the 
young salmon; the former were very active, the latter sluggish and 
1 , ildered, and making no effort to escape. Within half an hour after 
placing some salmon in a stream near Montpelier, a dace only 2 or 3 
Inches long was caught, and found to have swallowed four young salmon. 
Some of' this brood escaped destruction, however, and were seen late 
in the summer and fall of the same year.§ 
Of the disposition made of the remainder of Mr. Stone's stock of eggs, 
I ha ·, no definite information; but for the sake of an approximate 
imate of the total number of young salmon turned into the rivers as 
- . Report of the [Massachueetts]
1 
Commissioners of Fisheries for the year endinJ 
January 1, 1870, pp. 31, :l2. 
t Fifth Annual Report of the [Massachueette] Commissioners on Inland t.,isheries, 
January, 1871, pp. 11, 15. 
· W. CJift, MSS. 
t Letter of Prof. A. D. Hager. 
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the result of the expedition, I will assume that all of the 78,000 eggs 
remaining after the deposit of 100,000 at Meredith did as well as those 
sent to Massachusetts, of which not far from 40 per cent. reached the 
end of their artificial nurture and were set free. in this way we obtain 
31,200 as the number of free young salmon. Adding to this the number 
that came from the Meredith lot of eggs, 1,000, we have a total of 
32,200 young salmon as the net result of the expedition. 
5.-0PER.A.TIONS IN 1869. 
Owing to causes that it is unnecessary for me to discuss, Mr. Stone 
was obliged to abandon his enterprise on the Miramichi. Mr. Joseph 
R. Goodfellow, however, collected in October, 1869, a lot of eggs, 
and sold them to the commissioners of Vermont. They were deposited 
in the hatching-troughs between the 20th and 24th of October, and 
remained tliere until the fint week in December. They were then 
packed up in moss, in baskets, and sent to Vermont. After a series 
of mishaps, which prolouged the period occupied in transportation 
to three weeks and four days, they reached Chester, Vt., and were 
placed in Professor Hager's hatching-troughs. The whole number of 
eggs was 50,000, and the loss in trausportation and incubation was es· 
timated at 20 per cent., leaving 40,000 youug fry, all of which hatched 
between the 1st and 15th of February. The water had a temperature 
of 45° F., and .was so pure that no filtering was necessary. Not over 
100 died during the absorption of the yolk-sack. From the 10th of May 
till the 1st of July they were fed regularly, and but few died. The 
whole lot was in July placed in Williams and ·west Rivers.* The num-
ber set at liberty is put down at 30,000. 
6.-0PER.A.TIONS IN 1870. 
The spring of 1870 witnessed the first introduction of salmon from 
Lake Ontario. The establishment of Mr. Samuel Wilmot, at New-
castle, Ontario, started originally in 1866 as a private experiment, had 
attained such importance as to attract tbe attention of the Uanadrnn 
government, anu induce the department of marine and fisheries to 
assume the responsibility of carrying it on, for the general purpose of 
improving the fisheries of the Dominion. · 
The difficulties in the way of getting spawn from the maritime prov-
inces induced the commissioner of fisheries of the State of Maine to 
apply to the superintendent of the Newcastle establishment for a small 
number of salmon-eggs. The application was referred to the depart-
ment and was granted ; and henceforth the sale of eggs became one of 
tlie objects of the establishment. The price of salmon-eggs was fixed 
• at $40, in gold, per thousand. As compare<l with all previous rates, this 
was high. The price paid Mr. Stone by the States of New Hampshire 
* Letter of Prof. A. D. Hager. 
. 
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11 T.1 wl1 uMet r in 1868 was $16 per thousand, and none of the par• 
i, ,, •ling ~ ew Brunswick eggs for sale had asked more than •20 per 
I I I lll , 
L: ~ht thousand were purchased by Maine, and as the ratio of unfer-
t1 iz,·il , h!.!- appeared to be about 2½ per cent., 8,200 eggs were packed 
up. fter • journey of three days they arrived at Alua, Me., and were 
uup; ,., ... 1 April 3. The numb~r dead was 870. By immersing them in 
, ol ution of common salt the opacity which is the regular attendant on 
, .1 h disappeared, and it was easy to distinguish the fecuud eggs from 
thE mfecund; the latter couutecl 640, the former 230; which shows that 
t Ii• ratio of infecund eggs was about 8 per cent. The deficiency was 
made 111>, and, of the 8,000 good eggs, 7~400 were hatched. These were 
kept in an artificial pond one year, being reduced in number meanwhile, 
from unknown causes, to 1,500. These were set at liberty ia May, 1871, 
in the Sheepscot River. 
The introduction of theso Ontario salmon is mentioned in connection 
'"ith those from New Brunswick because the purpose of their introdoc-
1111 ,11 .i the same, namely, the restocking of the rivers where they were 
1 1,:w 11 with sea-going salmon. To the first purcha~rs of these eggs it 
did not occur that there was any doubt about the Ontario salmon taking 
r, HJy to sea-water and the food to be found there; although it was 
t lu• · pressed opinion of Mr. Wilmot that, while the Ontario salmon 
r1 true 8almo salar, they nevertheless, in general, paseed their whole 
Ji . in the fresh waters of the lake, finding there a congenial food. It 
• ppears probable that Mr. Wilmot is right in both particulars, but at 
th· present time it must be regardeu as an undecided point whether the 
On l: rio salmon do migrate ti0 and from the sea; and, if their residence 
iu the lake becemes established, it will still be an open question whether 
they can, on being placed in our rivers, assume the migratory habits of 
the salmon of the coast. 
A small lot of eggs from the Newcastle establishment found its way 
1 ,1 nother channel into the hands of W. S. Peavey, esq., of Whiting, 
• . 11 · bad them hatched out, and the young fish, numbering 225, were 
I 111 •I in the Cobscook River in May, 1870 . 
. Goodfellow again undertook the colJection of .salmon-spawn on 
iramichi in the fall of 1870. A considerable quantity was engaged, 
on . 8,000 eggs obtained. These were divided between the States 
l.i me and Connecticut, and the Poquounoc Fish Company. The 
· ot Maine amounted to only 800. They we.re hatched out near 
'n t , and soon after the abso_rption of the sack disappeared ; it is 
I bat they escaped into a tributary of the Kennebec. Counec-
1cu ,l 2,000 eggs, and bad them batched at Poquonnoc. They 
Jlr 11J nced 1,876 young, and these, without accident or loss in transpor-
t ' ion, were, in April, 1871, placed in the waters and tributaries of 
Broad Brook, a branch of the Quinnebang Riv~r. • 
--------
• Fifth Report of the Oommi88ioners of Fisheries of the State of Connecticut, 1871, 
p. 20. 
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7.-0PERATIONS IN 1871-'72. 
In March, 1871, the Connecticut commissioners bought 10,000. eggs 
of Ontario salmon at Newcastle. They reached the hatching·-house 
of the Poquonnoc Company March 11, :and on opening them 7,000 
were found to be spoiled through defective packing. Another lot was 
immediately sent to make up the deficiency, and from both shipments 
6,000 fish were hatched, and placed in the Housatonic, Farmington, 
Shetucket, and Quinnebaug Rivers. 
The first attempt to stock with salmon any of the rivers south of the 
Connecticut was made in 1871, by Mr. Thaddeus Norris and some other 
gentlemen, who purchased 11,000 eggs at Mr. Wilmot's establishment, 
and hatched them out for the Delaware. An accident reduced the mun-
ber of fry to 2,000, and these were placed in the Bushkill, a tributary of 
the Delaware. In 1872 the same gentlemen got 12,000 eggs from jfr. 
Wilmot, and hatched 11,000 of them at a spring within a mile of the 
Bushkill. 
The State of Rhode Island made its first attempt at the restoration 
of salmon in 1872, by the introduction of 9,000 eggs from Mr. ·wilmot's 
establishment. They were placed in the hatching-troughs at Ponegan-
set February 11, and hatched in March. The young were placed in the 
Pawtuxet River. 
B-SALMON-BREEDING ON THE PENOBSCOT. 
1.-PRELIMIN.ARY CONSIDERA'l.'IONS. 
Though it was well known that the salmon-fishery of the Penobscot was 
better preserved than that of any other river on the Atlantic slope of the 
United States, and the project of obtaining thence a supply of eggs for the 
stocking of other rivers had occurred to me earlier, it was not until 1870 
that the project received serious consideration. The earlier attempts at 
the collection of salmon-spawn for New England rivers had very naturally 
been made in theriversof New Brunswick, where the abundance of salmon· 
and the ease with which they were caught on their spawning-grounds 
seemed to promise sure and speedy success. Various causes, already suf-
ficiently set forth . in the detailed accounts given above of the several ex-
peditions to the Mirarnichi, rendered the operations there less successful 
than had been anticipated. The purchase of salmon-eggs at the establish-
ment of the Canadian government in Ontario required an expenditure 
greater than appeared to be warranted by the circumstances in which 
the fishery-commissioners found themselves placed, and, besides, there 
was some doubt whether the Ontario salmon would readily adapt them 
selves to our rivers and the sea into which they empty. The necessity 
of having a more abnndant supply of eggs, at the cost of collection, was 
forcing itself upon the minds of the commissioners of all the States 
interested in the collection of salmon. 
- , ,.· 11 .. then commissioner of fisheries for the State of Mai 111•, 
111 i,, ,1 , make an effort to find a supply of eggs in the Penob-
1 1 111 ch- 4 l ,. nnd · ovember of that year I made two expeditions 
1 1 1 , , 11 , , of the river where it appeared most probable that the 
111 .. ·ound · of salmon lay, exploring with canoe the river from 
u mJ.. : r up to Ambejegis Falls, on the west branch, and to the 
t,, •, nn on the east branch, or Mattagamon. The result of these 
, 1,,1,111 r 111 was the discovery of many localities where salmon might 
lw 1 •1•14 to spawn nt the proper season; of others, visited at the 
n ·ht tl., te for such a discovery, where their newly-made nests were 
, .... nnJly found, and of some where facilities existed for the collection of 
1 · n. That partof the Mattagamon near the Wassaticook and Seboois 
·r n ·:111 apJ>eared best .fitt;ed for the natural breeding of the fish and for 
t l11• collection of their spawn, and although the number of nests made 
11•1'o ••· ovember 3 (some twenty-five or thirty being seen in a distance 
of th · miles on the river) was not large, it appeared to warrant the 
,. 11•1· ·• tion that a considerable number of eggs might be collected here 
moderate expense. But as the number of salmon t.o he caught in 
,. \ w1 nit. · at any season is very small iu comparison with the number 
·:111 · ht in the tidal parts of the river, it occurred to me that if salmon 
1m· ht in these rivers could be kept alive and in good condition from 
June and July, when they pass up the river, till October or November, 
, l11·n t , . lay their eggs, operations might be carried on there on a, 
much larger scale than here. Being in correspondence, about this time, 
ith n, . William Clift, of Connecticut, in relation to the breeding of• 
1 I rnon in some of our rivers, he also suggested the latter plan of opera-
I ion a , the one most likely to give satisfactory results. The co-operatioa 
of the commissioners of fisheries of Connecticut and Massachusetts was 
secured, and it was determined to try the experiment of collecting 
spawn near the mon~h of the river. 
2.-0PERA.TIONS IN 1871. 
The place finally selected as the site of operations was Craig's 
Pond Brook, in the town of Orland. This stream has its rise in 
'' 1 1 ·" • Pond, a small body of water of exceptional depth and trans-
a:1 r 1 1•• , tenanted by trout, smelts, nnd sticklebacks, and proba-
1 I some other species of small fl.Mb, but entirely wanting in the pick-
. •·I, perch, sun-fl.sh, and cyprinoids that inhabit nearly all of the ponds 
in the southern part of Maine. The stream runs alternately over coarse 
., nd and ledge for half a mile, and empties into Allamoosook Pond, 
making in this short course a descent of probably 200 feet. A few rods 
above its mouth it receives tbe waters of several large springs of very 
pore water, having a temperature of 470 F. At this point there had 
formerly been a dam to supply power to a shingle-mill. This dam was 
rebuilt, and a pond formed about forty rods in area and 7 feet deep. So 
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clear was the water that objects could be seen on the bottom at the 
deepest point. In this pond it was proposed to keep the adult salmon. 
A smal1er pond was made at the very mouth of the brook for tempo-
rary uses. To this point the salmon could be brought direct by wafer 
from the weirs that are buiit about the mouth of the Penobscot. The 
nearest salmo·n-weirs were those near the lower eud of Wetmore Island, 
(town of Verona,) and the salmon from these would have to be towed 
through five miles of salt and brackish water to Orland Yil1age~ then up 
Eastern River and across Allarnoosook Pond, four miles more, to Craig's 
Pond Brook, passing, on the way up the river, three locks. 
The salmon were obtained from several weirs in Verona. They were 
placed in a boat prepared for the purpose by piercing. its bottom and 
sides with anger-holes to provide a free circulation of water, ballasted 
and buoyed to keep it at its proper level, covered with a net to prevent 
the fish jumping out, and towed after another boat propelled bJ· oars. 
On the 7th day of June the first lot of salmon was brought to the works. 
Twelve were placed in the boat at starting, but eight died on the way, 
and the remaining four WP.re nearly dead. As there were only a dozen 
inch-holes in the bottom, it was thought that the poor success of the 
first experiment was owing to the lack of pure water.' Another trial 
was rnade1 with better provision for change of water. Seven salmon 
were put into the boat, and four of them came safely to the pond. But 
it was not until a hundred holes were made in the boat that tbe salmon 
were brought without serious loss. On neither occasion did there ap-
pear to be any difficulty during the passage through the comparatively 
cool waters of the river below Orland; but on coming into the warm 
fresh water at the lock at Orland Village the .bad effect of the imperfect 
change of water became apparent. The improvement in the transport-
ing boat enabled us to convey, in some cases, as many as ten fish at a 
time without losing any. 
The work of transporting continued until June 20, when it became 
apparent that the arrangements for keeping the salmon were altogether 
unsuitable. After being placed in the pond prepared for them in the 
brook, the salmon never appeared to feel at home. They swam heed· 
lessly about as if blind, often with parts of the fins out of water. In a 
few days white blotches appeared upon the surface of the head and 
back, and at last spread to the sides and lower parts. These blotches 
were found to be caused by a kiud of fnngus growing beneath the scafos 
and pm;lling them from place, and before they had spread to all parts 
of the body the fish commonly died. Precisely what was the cause of 
the disease I cannot even ,vet say; but it muRt be sought among the 
peculfar conditions under which the fish were placed. The temperature 
of the pond ranged froru 50° to 5G0 , while that of the rirnrs and streams 
tllat salmon natural1y frequent is, at that season, probably from 650 to 
70°. The extraordinary transparency of the water may have had some 
effect. Some of these fish, very badly afflicted, recovered when placed 
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in a pond where they had access to deep water. Finally the bott.om of 
the pond was covered with vegetation that had become established 
there during several years when the dam was out of use, and in its 
,Jn:1.~ it probably imparted some deleterious substances to the wa)er. 
But, from whatever cause, the mortality was such as to threaten the 
·1 t-P1l. • termination of the experiment by the total loss of the fl.sh. 
It was decided to abandon the brook and construct a pound of brm:,h 
and netting in Allamoosook Pond, in which to keep the salmon that 
should survive. This pound was built at the mouth of Craig's Pond 
Brook, and inclosed an area of about twenty-five square rods, extendin3 
from the shore to a point where the water was 7½ feet deep. At this 
depth nothing could be seen from the surface, the water being of a 
brown color, like nearly all the pond and river water in Maine. The 
pound was completed on the 27th, and the uineteen salmon remaining on 
hand were placed therein. Such was their condition, however, as the 
result of their stay in the brook, that probably few, if any, lived through 
the summer. 
Of the salmon received after this date, twenty-five in number, eighteen 
survived until tbe close of the season in good health. The last salmon 
were brought July ll, and after the 13th there was but one death. 
During the summer the level of the pond fell, till the depth of 
water in the salmon pound was less than four feet. The average tem-
perature of the surface was 64°.7 F. at the close of June, 73° dur-
ing July and August, and as high as 62°.9 in September. The 
bottom temperature was not observed, but as the depth of the watet 
constantly decreased until some time in September, when it was only 4 
feet, it is probable that the temperature at the bottom was much higher 
in August than in July. In view of this probability, the fact of fewer 
salmon dying in August (only one) lAads to the conclusion that the 
losses experienced in this pound were not the result of the heat, but of 
the' injuries received in capture and transportation. In short, all the 
conditions attending their confinement appear to have been well suited 
to their wants. The narrow space which the receding water left them 
to swim in, being at the lowest. ebb only 30 or 40 feet square, appeared 
to cause them some uneasiness, but the walls of the pound were secure 
and none escaped. 
While the pound was building nine of the least healthy salmon in the 
brook were removed to Oraig's Pond and turned loose. It is supposed 
most of them lived through the summer, for a careful watch for dead 
and floating salmon was kept up without discovering any. On several 
occasions salmon were seen swimming near the shore of the pound or 
leaping into the air. It is probable that the fish retired to deep water 
immediately on finding themselves at liberty, and that the protection 
there afforded against the glare of light, the character of the water, and 
other circumstances were favorable to a recovery from the malady that 
had attacked them and would haye killed them if they had not been 
ATKINS-THE SALMON AND ITS ARTIFICIAL CUL'fURE. 2 3 7 
removed from the brook. .At the spawning season preparations were 
made to catch them in the l>rook should they chose to enter it in their 
search for a spawning-bed. .About the 9th of November it was discov-
ered that on a gravelly l>0ttom under two feet of water, close by the 
shore, and within a dozen rods of the outlet of the pond, salmon bad 
been spawning. .A net was set here on the 10th, and on the morning 
of the 11th it caught two male salmon. Another was taken on the 12th, 
but, though the net was kept in place until the 23d, it took no more 
males aud not a single female. The males taken were thiunel' than those 
from our pound in .Allamoosook, had less red and more blue in their color, 
and l>ore large scars on their sides; otherwise they appeared to be in 
good health. This experiment at Craig's Pond showed that salmon can-
not be relied upon to enter a small brook in search of a spawning ground 
when the water of the pond in which they are confined is pure and' the 
bottom is gravelly and clean. In such cases they will lay their eggs in 
still water. 
A third brood of salmon, eighteen in number, were placed in Dead 
Brook, a tributary of Eastern River, entering it several miles lower 
than Craig's Pond Brook, and accessible .from the salmon weirs bJ- pass-
ing through only one lock im;tead of three, as in the former case. Dead 
Brook is larger than Craig's Pond Brook-barely large enough to drive 
a saw-mill under a moderate head in spring· and fall. In midsummer its 
bead is very small, but it never completely dries up. Its water is less 
pure and more highly colored than that of Craig's Pond, but not darker 
than that of common brooks. Where the brook traverses a meadow 
two barriers were placed across it, maki11g an inclosure about 200 feet 
long and 30 feet wide, with water 5 feet deep at the time the salmon 
were pat in, (June 26 and 28,) but falling to less thmi 3 feet in Septem-
ber. Two of the tlsh died in June, but, so far as could be known, the 
remainiug sixteen lived in good health until October. There were oc-
casional freshets that brought <fown a great deal of mud, but this ·did 
no barm. On the 12th of October an extraordinary freshet carried 
away the barriers and let the salmon free. The most of them must 
have remained in the brook, for quite a number of spawning-nests were 
discovered after the water subsided in November, but only a single pair 
of salmon were seen; these were a mile further up the brook, above some 
difficult falls, lying side by side in tbe deepest part of a pool, while just 
below them, on a rapid, was a partially formed nest. The female fish 
was caught, killed, and carried several miles to the hatching-house, 
where her eggs were taken and milted. They were not so well fecun-
dated as the other lots. I am uncertain what was the reason. The 
fish was afflicted with sores and very weak. 
A fourth brood, numbering eleven salmon, were placed in Spo.fford's 
Pond, in Bucksport. These were caught in a weir near Bucksport vil-
lage, and hauled in a tank of water on a dray one mile to the pond. 
There was no great expectation of catching many of them, but it was 
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t 11 11 ,. 1 the effect of confinement in a pond of this character. 
,1 pP·•·•· 111' ater about sixty acres in area; is very deeply colored 
h ,. 11l:1 tions of extensive meadows that drain into it, a11d its bot-
1 1, . 11 .1 narrow belt along part of the shores, is composed of soft, 
1 r-,11, mod. The brook by which it discharges into the Penobscot is 
of ,1 hl'i• ut volume to drive a grist-mill during the greater part of the 
.... r. Three of these fish were found in this brook at the breeding sea-
son, and, as several nests were seen, it was supposed that others had 
descended from the pond unobserved. But a single one was caught. 
This one was a male, in excellent condition, and in color much richer 
than any caught elsewhere. Thus the various mishaps of the season 
left us for a breeding stock only the eighteen fish in the pound at Craig's 
Pond Brook. 
As the breeding season approached, preparations for the development 
of the el{gs were made by fitting up a room in the basement of an old 
mill at the mouth of Craig's Pond Brook. Water taken from the open 
brook, which, though of small volume, is impetuous in character, dashing 
down over a ledgy bed, was led through several wooden troughs. each 
18 feet long, 15 inches wide, and 8 inches deep. Grilles, made by setting 
narrow strips of window-glass on edge in wooden frames, were placed 
in these troughs, about an incµ from the bottom. The eggs, when de-
posited on the grilles, arranged themselves in rows across the trough, 
each row lying on the edge of a glass rod, and between two other rods~ 
The space underneath the grilles allowed the constant passage of a cur-
rent of water, preventing stagnation, nod a like current passed over the 
grilles. No attempt was made to filter the water, it being already un-
commonly clean for brook water. 
On the 2d of' November the breeding fi8h were for the first time 
seined out from the pound and examined. There was no indication that 
any of' them bad begun to spawn, although if kept there many days 
longer it is not unlikely that they would have deposited a part of their 
eggs on the cleu.n, sandy bottom. All of the males were found ripe; 
several of the females partially so, auc.1 12,500 eggs were taken and 
fecundated. The fish were all returned to the pound to be seined out 
a · in another day. The work was continued daily until November 10, 
when nll the ripe fish on band had been deprived of their egl{s, with a 
single exception. From one of the females we failed to obtain any 
eggs, and at last camo to the conclusion that she was quite barren. 
She \\; , ho,vever, kept in the brook, and occasionally examined, until 
December 12, when she gave a few eggs that were apparently good, 
but could not be tested for want of milt. Dissection then showed that 
her ovaries contained a small number, probably a thousand, eggs, of 
nearly or quit,e full size and healthy appearance, and a much larger 
number that were not half grown. With this exception all the females 
yielded full litters of eggs, that came with ordinary ease, and were, as 
the 1·esnlt of incubation showed, in a state of' complete development 
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and perfect health. The males yielded an abundance of healthy milt. 
After being stripped the salmon were placed in the small pond in the 
brook, near its mouth. While here the exhibitions of the sexual in-
stinct were very marked. Lying in a cun;ent, the females would go 
through all the manreuvers of depositing the eggs, though they had 
already been deprived of all that we could press out. I have repeatedly 
observed the presence of eggs in the ovaries of fish of the salmon family 
months after the lapse of the ordinary spawning season. I should attrib-
ute the action of these spawned females to a reproductive impulse of a 
more general nature. The males were at this time very attentive to the 
other sex, and l\Ir. Dresser, our foreman, distinctly witnessed the emis-
sion of a cloud of milt by one of them while near a female. 
The mode of fecundation employed was au imitation of what is know:µ 
as .the Russian, or dry methoLl, the distinctive feature of which is the 
exclusion of ·water from the eggs until the moment of the application of 
the milt. Vrasski, the originator of tllis method,* was accustomed to 
"The experiments and observations of Vladimir Pavlovitche Vrasski were made at 
an establishment founded by liim in 1860, in the government of Novgorod, district of 
Demiansk. In 1856 his observations led him to conclusions thus detailed in the bulle-
tin of tlie Societc d'acclimation, Paris, August, 1871: 
1e. Etant re~ms <lans de l'eau an moment ou ils sortent du poisson les ceufs la re-
sorbent, ct no gar<lent le facnltc d'etre feconde, qne tant que cette resorption n'est pas 
finie, c'est-a-<lire pendent une demi-hcure an plus. Une fois remplis d'eau, les ceufs ne 
recoivent plus les spermatozoi<les. 
2°. Les spermatozoitles <le la bitauce, en tornbant daus l'eau, commencent immediate-
ment a faire a.vec beancoup de vigucnr et de rapiclite, des mQuvements qui ne ce11en-
dent qu'nne minute ct demi ou <leux an plus; ce laps 'ecoule, on ne voit plus que dans 
quelques rares spermatozohles des mouvemeuts particuliers et convulsifs de Fagonie. 
Quand, an sortir du male, on re~oit la .laitance dans un vase ,sec, elle ne change pas 
pendent plusieurs heures, et <lans cet intervalle les spermatozoides ne perdent pas la 
facultc de se mettre a bouger des qu'ils se trouve en contact avec de l'eau. Enferm6 
<lans un tu!Jc sec, et Lien bouch6, b laitance conserva sa vertue fecondante pendant six 
jours. Considerant ccs observations airn,i bien que les cenfs et la laitance sont obtenus 
avec lentcur, leur rnasse enticre ne ponvant sortir a la fois, M. Vrasski arriva a la con-
clusion qn'en les recivant dans <le l'eau, la plus grande partie des mufs se renssissent a 
sc saturer <l'eau, ct que les spermatozoi<les ccsseut presque tons de bouger avant. qu'il 
soit possible au pisciculteur <le melanger les rout's avec la laitance <l6layec. M. Vrasski 
adopta done le systeme des vases secs, et versa sur les roufs la laitance ausitot qn'il 
ve11ait de l'cten<lre <l'eau. Le succes fut complet; les ceufs se fecomlerent tons sam1 
en excepter un seul. 
[Translation.] 
1st. If the eggs are received in water as soon as they come from -the :fish, they absorb 
H, and preserve the capacity of fecundation only while this absorption is unfinished-
tliat is to say, for half an hour at the longest. Once filled with water, the eggs no 
longer take in the spermatozoi<ls. 
2d. The spermatozoi<ls of the milt, on falling into the water, immediately begin a, 
series of rapid an<l vigorous movements that continue only for a minute and a Iialf, or 
two at most; after that, nothing is to be seen except, in liere and there a, spermatozoid, 
disconnected, spasmodic movements. When the milt is taken from the male directly 
into a dry dish it docs not change for several hours, an<l <luring this time the sperma-
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tuke the eggs and milt in t~o S3parate dry dishes, then put water with 
the milt and turn the mixture immediately upon the eggs. I carried 
the dry feature a step further, taking the eggs and the milt into a dry 
pan and securing contact of the milt with every egg before allowing 
water to touch either of them. The contact was secured by moving the 
pan rapidly in a circle so as to send the eggs whirling together over its 
bottom. This being effected, water was added, and after standing fifteen 
or twenty minutes, or until the eggs ceased to adhere to the pan, they 
were carried to the hatching-house and placed upon the grilles. When 
sufficient time had elapsed, and the fecund eggs began to develop; it 
was found that they were 96 per cent. of the whole-a very gratifying 
result. The following table exhibits the number of eggs taken, the 
ratio of fecundation in each lot, and the number lost by the white 
diseases: 
Estimated Percentage Number of Number of 
Lot. When taken. num her eggspack'd 
of eggs. fecundated. white eggs. Dec. 18. 
1 ....•........••.. November2 .. 12,500 100 93 12,500 
2 ....•....•••..... November3 .. 11,500 94 187 } 20,650 4, part 1 •..•...... November6 .. 9,500 92½ 297 
4, part :l •••••••••• November6 .. •3,000 85 510 . . ---. -. --.. 
3, part 1 .......... November4 .. 300 (t) 4 ·----· ------
3, part 2 .......... November4 .. 2,500 95 17 1,700 
3, part 3 .......... November4 .. 16,000 96 131 21,400 
6 ..•••••.••..•.••. November7 .. 5,000 100 ...... __ ;~-I 6 ••••••••••••••••• Novembers •. 4,500 100 7 •.•••...•...•..•. November9 .. 7,000 97½ 14,BS0 8 ··-······--·---· November 10. 85 100 9 ........•••....•. November 10. 50 100 
10 ·••••• ..•..••••• November 10. 365 100 
72,300 96 1,531 70,500 
The temperature of the water was, at the beginning of incubation, 
46° F., but from November 23 to December 18 the average was about 
41°. The eggs came forward sufficiently to be transported on the 18th 
tozoids retain the faculty of setting themselves in motion whenever they find tbem 
seh in contact with water. Inclosed in a dry tube, and well corked, the milt pre. 
• •; it fertilizing properties for six days. 
Taking into consideration these observations, and the fact that both eggs and milt 
are slowly obtained, their entire mass not coming at once, Vrasski reached the conclu-
sion that, when in water, the greater part of the eggs filled themselves with water, and 
the spermatozoida ceased to move before it was possible for the piseiculturist to mingle 
the eggs with the diluted milt; be therefore adopted the system of dry dishes, and 
turned the milt upon the eggs as soon as he bad diluted it. His success was complete; 
the eggs were fecundated without a single exception. 
• These eggs came from the single fish caught in Dead Brook. The fish was killed 
when caught, carried about three miles, aud, after it bad been dead perhaps two ~ours, 
the eggs were taken and fecundated. On packing up they were found to be so defective 
that they were turned out into the brook. 
t Tht:ae were purpoeely left unfooundat.ed. 
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of December, the circulation being at that time established in all the 
fecund eggs. They were packed for transportation in tin boxes in layers 
between wet moss. Each la;rer of eggs was placed between disks of 
mosquito-netting stretched on rings of brass wire to facilitate the work 
of packiug and unpacking-. The cans were inclosed in sawdust in the 
usual way. The eggs were divided as follows: 
To Maine ......................•.... - - . - - - • - - . • • • - - - - • • · - -
To Massachusetts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . .. . 
To Connecticut ............................... . .. ....... . . 





Total shipped ................ _ ...... _ . . . . .. . . . . . . . . . . 70, 500 
The portion belonging to the State of Maine was placed for hatching 
in the care of Crocket & Holmes, of Norway. They hatched out with a 
trifling loss, and in the spring were turned into a small brook tributary 
to the Little Audrnscoggin River, which enters the main Androscoggin 
just below Lewiston Falls. As the brook had been cleared of its trout 
to supply the breeding-works of Messrs. Crockett & Holmes, it is prob-
able that an unusually large proportion of the young salmon survived 
the dangers that ordinarily attend them when turned out into open 
waters. The eggs belonging to l\fassachusetts were hatched at the 
State hatching-house in Winchester~ and turned out remarkably well, 
as exhibited by the following statement : 
Whole number sent ........ .. . ................... . . 
Died during transportation ....................... . 





Number hatched.............. . ..................... 21,320 
Very few of the:Se were lost, at least 21,000 go0d, healthy fish remain-
ing on hand when ready to turu out into the stream. The number of 
deformed fish was small. Of the healthy fish 5,000 were pu_t into a 
small river on Cape Uod, and the remainder into the Pemigewassett 
River, a tributary of the Merrimac.* 
Of the eggs belonging to Connecticut, 4,579 were lost in transporta-
tion, hatching, and nurturing. The remainder, about 17,000, were dis-
tributed in various rivers, mostly t:r:ibutaries of the Quinnebaug. t 
Of the 5,000 belonging to Mr. Clift, nearly all were hatched, and in May 
were turned into Great Brook, the first large mill-stream tributary to 
Long faland Sound east of the Thames River. t 
" Letter of E. A. Brackett. 
t Sixth Report of the Commissioners of Fisheries 0f the State of Connecticut, 1872, 
pp. 2G, 27, 28. 
i Letter of Rev. W. Clift. 
S. Mis. 7 4--19 
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• ,t, it h landing the great mortality among the parent fish, which 
ri 11 I reduced the stock of eggs obtained, the experiment most be 
1 11 u i ·. ••I successful. There was no longer any doubt that salmon could 
1 ... h•i•1 in confinement in a small inclosure, in fresh water, trom June 
until ... ovember, without any injury to their health, or any interference 
with the development of their eggs and milt, and the conditions of sue-
.,. were now sufficiently plain. Spring brooks, newly-built ponds, 
and , ery clear lakes must be avoided, and dependence placed on ordi-
nary pond or brook water with a muddy bottom. 
'f he cost of collecting J.nd developing these eggs, up to the sbippitig-
poiut, was at the rate of $18.09 · per thou~and, and it was evident that, 
with the benefit of the fi.rgt season's experience to guide in the care of 
the parent fl.sh, this would become the most economical mode of collect-
ug salmon-eggg available to the New England States. 
3.-0PERATIONS IN 1872. 
The parties interested in the experiment in 1S71, together with 
the State of Rhode Island and the United States Commissioner 
of Fish and Fishe1ies, united in operations on a larger scale in 1872. 
The disadvantages connected with the site at Craig's Pond Brook, 
as detailed above, were such as to render a change very desirable, and 
a small pond in Bucksport, variously denominated "Great Pond," 
"Spofford's Pond,'' and "Salmon Pond," was selected as the new site of 
operations. This body of water, about sixty acres in area in the sum-
mer season, receives the draiuage of a Rmall tra~t in the interior of the 
town, through very small tribu.taries, that are completely dry in sum-
mers of ordinary dryness. 'fhere are a few springs near the shores, but 
the volume of water they discharge into the pond is very small, and iu a 
very dry sea.sou the overflow nearly ceases, sometimeR entirely. 4"roun<l 
the pond are extensive meadows, that are overflowed the most of the 
time between October and June, and whose drainage imparts a dark, 
peaty color to the water, and de.posits at the bottom a thick stratum of 
soft mud. Tl.le shores, except adjoining the meadows, are stony, and 
the adjatcent bottom, down to a depth of from 3 to 6 feet below the sur-
face, at Rummer level, is stony, gravelly, or sandy, for the most part 
bard, partially overlaid by a dark, peaty sediment. The bottom ad-
joining the meadow is peaty, and supports an abundant growth of 
a1quatic vegetation, such as Nupkar, Nympliaea, Brazenia, Potamoge-
ton, &c. The same vegetation grows to a less extent along nearly all 
the shores. The fishes inhabiting the pond are perch, (!'erca ;) sun-fish, 
(Pomotis ;) pickerel, (Esoz ;) hornpout, (Pitnelod·us ;) trout, (Salmo 
fon f mtlis,) very rare; eels, ( Anguilln ; ) suckers, ( Oatost01n'U8;) and a 
few other species of cyprinoids. The water is, in general, about 9 feet 
deep in mid-summer, and 13 or 14 in the fall and spring, when the pond 
is fuil. The outlet of the pond is commanded by a dam and gate, which 
rt~gnlate the flow of water for the use of the mills at the mouth of the 
brook. The brook is nearly a mile in length, for the greater part of its 
ATKINS-THE SALMON AND ITS ARTIFICIAL CULTURE. 243 
course descending· gently, but, as it approaches the Penobscot, rushing 
down over ledges at a, grade that probably prevented any kind of mi" 
grator.v fish ascending, even before tlJe erection of dams. Were it not 
for the natural impediments, the stream and pond would doubtless 
have been frequented by alewives. The volume of water is sufficient to 
drive a saw-mill nearly half of the year. 
The plan of operations was essentiall.v the same as the preceding 
~·ear; the parent sa,lmon were to be obtained alive in May, June, and 
July, and confined in fresh water until the spawning season. The place 
selected for confining· them was the lower end of the pond, where au 
enclosure of some four acres was made ty building a barrier of stakes 
and brush across from shore to shore, a distance of about 400 feet. 
Salmon placed herein \Vould h~we access to the brook that forms 
the outlet of the pond, a11d would be kept by the barrier in such 
close proximity that when the breeding season arrived they would 
readily find the running water, and, passing down through the gate, 
would be in a narrow brook, where we could catch and manipulate them. 
The salmon could be obtained only from the weirs, which are, in the , 
Yicinity of Bucksport,, the only means employed in catching them. Ar-
rangements were made with a numher of :fishermen to take salmon alhre 
from the weirs and deliver them in good condition at Bucksport. They 
were provi<led with canvas bags with which to dip the salmon from the 
weirs to avoid the mutilation they receive from dip-nets, and with per-
forated boats in which to coovey them to the place of delirnry. These 
boats n·ere the (~ommou "dories" in use by fishermen on the New Eng-
land coast, and uy cod fishermen on the banks. They were furnished with 
a smooth lining of boards inside, were perforated with large holes fore , 
and aft, which could be closed when it was desirable to keep out the 
water, as when towing them empty uack to the weirs, and covered with 
a stro11g net to prevent tue fish from jumpiug out. When the boat was 
depressed witli the holes ope11 it was half filled with water, and when it 
was in motion a eurrent rau freely through it, while iron gratings con-
fined the salmon within a srmce 7 feet loug in the middle o_f the boat, 
arn.l prnveuted their escape through the holes. 'fhe weirs in use on the 
Penobscot, elsewheee described in detail, are so constructed that the 
salmon, together witb other fish caught in them, are .left by the receding 
tide on a, board floor, where they soon die. In taking them for breeding 
vurposes, the fisherman visits his weir a short time before low water, 
while tliere is st,ill water enough above the boards for the fish to swim 
in. · The salmon boat is brought alongside, and into it the salmon are , 
carefully dipped. The same boat takes the salmon from several weirs, 
and as soon as they are all collected, or as soon thereafter as the flood-
tide makes, the laden boat is taken in tow by a dory, which is propelled 
by wiml when that is fiivorable, otherwise by oars, aud brought to Bucks- . 
port. At first the salmon taken on the night tides were brought and 
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delh· •·t •i immediately, but it was soon found that a considerable number 
of t i •111 conltl be kept in a boat over night when anchored in a current, 
ancl ; lrn that transportation by night was seldom attempted. The dis-
tarn ••• trom the Bucksport landing to the nearest weir that furnished 
hr .. ,}mg salmon was less than half a mile, and to the farthest less than 
five miles. They were all in the towns of Verona and Stockton. 
• ·t ._ collection of salmon might have begun as early as May 1, but 
the p1ice was at that date high antl only small numbers were caught. 
By the 1st day of June they were more plenty and the price had fallen 
to 30 cents per pound. The first salmon was received June 1, but they 
came in slowly duriug the first eight days, only twenty-five being re-
cei\'ed during that time. On the 10th, however, came twenty-three 
salmon, and on the 11th forty-eight, the large~t number received on any 
one day of the season. 
On ti.le arrival of a salmon-boat, a dray carrying a large wooden 
box was backed down iuto the water, so that the boat could be drawn 
up to it, and the salmon dipped over into the box, which was partly 
tilled with water. The box was three feet long, two wide, and two 
d•·• p, containing, therefore, nearly ninety gallous of water when full. It 
w ., provided with a sliding cover, and a single hole in the center of this 
wa found to aclmit au ample 1:mpply of air. A salmon of average size 
could lie at length in it easily, but oue of the largest size could do so 
only , hen in a diagonal position. Six or eight salmon were commonly 
pnt iuto a l>ox t-0gether, and this number sustained but little injury dur-
ing the o,·erland journey of one mile. As soon as a box had received 
it complement of fish it was filled brimfnl of water and drawn to the 
pond, where it arrived in about twenty minutes. The dray was backed 
int.o the pond uutil the box floated, or nearly so, and the salmon turned 
out ger,tly. Some of them swam off at once into deep water, but often 
they were very sluggish, and lay for a long time in the edge of the 
water. A few dietl immediately, and others after a day or two. When 
the river-water with which the boxes were fille<l was cool and clear the 
salmou suffered much less than when it was warm and roily. 
A part of' the mortality was doubtless due to injm-ies received by the 
fish in dipping them rom the weirs, or in transferring them to the boxes. 
Some were injured by rushing vioJeutly against the gratings in the boat, 
or against the sides of the boxes. This happened frequently during 
the last ten days of the collecting season, for the salmon had then be-
come more restif'e than at first. The increased restlessness and ac. 
tivi' · of salmon at that time is recognized by fishermen, who call these 
salmon "jumpers," with reference to the habit of jumping into the air, 
wbich is observed ofteuest at that dat.e, (about the 1st of July,) and 
which is regarded as the characteristic of a particular school of salmon. 
This phenomenon, which appears to be pretty well established, might be 
supposed to be caused by the influence of an increase in the temperature 
of the wat.er, bat the observations made at Bockport, in the Penobscot, 
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:from Jnne 17 to July 15, 1872, do not :-:how any marked increase in 
t,emperatnre during that time.* 
The unmber of r;;almon bought in ,June, from the 1st to the 15th, was 
231, aud tbe average weight 12.2 pounds ; from June 16, to 30, 309 
salmon, avernging 12.5 pounds; from the 1st to the 8th of Jnly, 152 
salmon, ,wern .. g·ing 12.2 pounds; which shows a remarkable uniformity 
in weight at different dates. Of the whole number bought, 692, there 
were only three that weighed less than eight pound8; one of these 
weighed seven, another six, and another two pounds. The largest 
weighed twenty-eight pounds. t 
It was impracticable to distinguish between the sexes, and I bought 
indiscriminately. Toward tbe close of the season, however, distinctive 
marks were quite perceptible.+ 
The dark color of the water and of the bottom in the salmon pond 
tended to a high summer temperature. From June 20 to the close of Au: 
gust four observations daily were made on the temperature of the water, 
both at the bottom and at tbe surface, and of the air; the hours being 
sunrise, 7 a. m., 1 p. m., and 9 p. m. The bottom temperature was ob. 
served at the depth of 10 feet in ,June, and 8 feet in August, by means 
of a, milk-can snnk to the bottom and kept there all the time except 
when makillg the ob8ervation; it was then drawn up b.v a line that 
was constantly attached to it; the cover was removed, and the bulb 
of the theomorneter heing plunged into the water the mercury quickly 
settled at the proper point. I think this a very safe and accurate 
mode of observation, as it is certainly a very simple one. The 
mean temperature at the bottom 011 ,June 20 was 60° F. and at sur-
face 71°.G, the mean temperature of the air being 04°. The ldghest 
bottom temperature ohserverl was G2°, and the lowm;t 60°. The mean 
for the last eleven days of.June was, air, 64=°.38; bottom, G0°.53; surface, 
72°.(i:3; the water ,Lt the snrf;_urn bL~ing thus about eight uegrees 
warmer, anu at the bottom about four degrees colder, thau the air. In 
"The mean of six olJHervations of surface temperature in the channel between 
Buck:-port aud Vero11a ou June 17 and 18 is (i1°.8 F.; at lJOttom at tiame place i11 30 feet 
of water tho mean of five observations on same days is 4(i0.4 F. On 7th, 8th, aud 9th 
July six ohservations at tiame point give a mean of 66°.:3 F. at the imrface, and 500,3 
F. at, the bottom. OhHervat.ions made at the south end of Verona fail to show any 
higher ternpernt,tlre between July 10 anu 15 than between Jnne 19 aud 23. Obser-
vations in tho main elrn,nnel of the Penobscot opposite Bucksport might give a dif-
ferent resnlt, hnt 11ot, it is believed, to a great degree. (See table 4.) 
tThe weight was arrived at by estimate, at sight,, no practicable mode of weighing 
the fish presenting itself. Persons accustome<l to handling awl weighing salmon soon 
]earn to jndgc their weight by the eye 1,0 accurately tha't an error of a pound in the 
weight of :i. fish of average si,rn will seldom occur. But there is, of course, a greater 
liability of error tha.11 there wonlc1 he with tbe use of instruments, and this fact mnst 
be borne in mind in considering the statements of weight of salmon bought. (See 
table 8.) 
t As the proportion of the Hexes was, however, qnite satiHfactory, as was found in the 
fall, tho fomalc8 caught from our pond outnumbering the males nearly two to one. 
246 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 
J 1 h the• mean temperature of the water at the bottom was only a frae 
tior~ of u degree lower than the air, the figures being, air, 66°.37 ; bottom, 
t,.;. .. ,,, ; surface, 720,45, In August the bottom temperature is higher 
,ban tha of the air, the means being, air, 67°.0l; bottom, 69°.48; surface, 
730,oi. O\viug to a misunderstanding the observat,ions were omitte,l 
during the first half of September, and after that they were only made 
onco a day on the water. The mean was uow only 59° at the bottom, 
620.02 at the surface. The last of October the daily observation showed 
450, 
On some days in August the bottom temperature was at midd,ty as 
high as 74P. Yet the salmon did not appear to suffer in the teast. Dar· 
ing the hottest weather a dead one was rarely found, aud .t~eir condt 
tion in the fall was unexpectedly fine. 
Observations made on the temperature of several small rivers in the 
State in August and the early part of September exhibit averages quite 
as high as those in the pond,• aurl I think it altogether probable that in 
the pools where, in a state of nature, they lie dur'ing the summer, they 
are, in I his State, often subjected to a temperature of above 70° F., mid 
ahv .. without injury. 
Of the Halmon turned into the pond, none were found dead until the 
12th of June. On the 15th fifteen salmon were found dead in a net 
that had been lluug on the inside of the brush hedge to make it doubly 
secure. It was a common menhaden net, bung on loosely with the ex-
pectation that the salmon woultl see and avoid it. But the fish exhib· 
ited remarkable dimness of vision, and probably qecame entangled in 
the net before seeing it. It was therefore removed, and, the brush 
not proving au efficient barrier, the salmon passed out into the mam 
pond in large numbers. The hedge being then useless, it was taken up. 
The df'a.ths among tlle salmon continued, and during Juue counted, 
from a.11 causes, fifty-six. Thirty-three died during July, all before the 
23d day. In August there were only three deaths, and in September 
none. As the water waR warmest in August, and lowest in September, 
I think the mortality among the salmon was not owing either to excess-
h '1 heat or stagnation iu the water, uor yet to any incapacity of the 
water to sustain the life of fish so lately from the sea, but wholly to the 
mechanical injuries received. 
r , • many of the salmon, after being placed in the pond, exhibited 
• roug .. ·mp I u of uneasiness, swimming slowly to and fro along the 
shore . : if •: r ·bing for a way of escape. Occasionally they swam about 
in compact schools, of perhaps ten to thirty each, near the surfac~, often 
with the tail or dorsal fhl'projecting. Others were continually leapiug into 
the air, now to th,· height of' a footonly,and again six feet high, or higher. 
While the hedge was standing a salmon was seen to jump clear over it 
at a J>Oint where it was five feet and a half aborn the water. This salmon 
jumped out of the enclosure, and it might be tho~~ht that the leap 
See tables 3, 4, a, and 6. 
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was with the intention of escaping, but another salmon was Rhortly 
after seen to jnmp iuto the enclosure over tlrn same hedge; and I presume 
both leaps were made at random. 
At times during the snmmer the salmon wonld for a day or two al-
most entirely disappear. This lrnppe11ed on the 1st and 2<l days of July, 
and an examiuation of a weather record shows that both days were 
warm, with very light aud variable winds, arnl a clouded sky. But they 
re-appeared a few days later as active as ever. 
This extraor<linary activity soon diminished, and by the middle of 
August Imel decreased 80 per cent., but then was hardly a day dnring-
the whole sea.son, up to the spawuiug, time, when there were not some 
salmon leaping. Meauwllile tlley had ceased to freqnent the shores, and 
had become so wary that it was 110 long·er possible to approach witbiu 
arm's-length of them, flS might eflsily ue do11e during the first days of 
their confinement. 
· Late in Augrn.;t, being· now confident of the s11rYival of a large part of 
the salmon, aud of a correspondingly large yield of eg·gs, I began prep-
arations for the spawning season. A site for a hatching-house had been 
selected on the brook, about GOO feet helow the outlet of the pond, and a 
substantial dam had been lmilt here by Mr. Swazey, the owner of the 
premises, from whom I had secured a lease. The ouly source from 
which to draw a water-supply was the brook itself, there being no spring 
of considerable size in the vici11it,y; and the house was accordingly so 
ocated as to take water conveuiently from the dam. The main building 
was made 70 feet long· and 2~ feet wide, one story high,* and contained 
.,, It was built entirely of wood, the walls heing hoarded 011 both sides of the stndding, 
and the space between filled with sawdnst, as a preca.ut,ion agaim;t cold. With the 
same object in view, the exterior wns covered with shent.hing-paper and theu shiugled. 
Two stoves, one for woo,l aud the other for coal, were provi1led, with the nnticipn.tion 
that it might prove a difficult taflk to keep the water in tht;J lrntchi11g-tronghs from 
fr1!ezing. Happily, the fact proved otherwise. Across the npper or north end of the 
building mu a feed-trough 11 iuchefl deep aud 12 inches wide, ·which received water 
from a conduit leading from the ,la.Ill, and di~charged it into fifteen lrntchiug-t.ronghs 
which ran lengthwirn with tlie lmiltliug. Thirteen of these troughs were each 60 feet 
long, 1 foot wide awl G iuchcs <leep inflide. The other two troughs were oft.be same width 
ancl depth, and GG feet Jong. Tbe trongh-roorn, therefore, nH:a;;m•ed 892 sqna.re feet, 
A 1led11ction of 18 inches per tro11gh, afl an :dlowancc for waste room at. each ellCl, 
leaves 869.5 feet as the total available s1x1cc for the deposit of eggs. Each trongh was 
fed by a short i,;pont au inch in diameter, aud, when in actual operntiou, was found to 
UHC a.hont :300 gallons of water per honr, making 4,G00 gallons per honr as the total 
amount nfle<l in the bniltling. The troughs were mrulc of unseasoned spruce boards 
anll put into nse withont, paint or varni;;h of any kinfl, or even pla,ning. They were 
set on the floor nearly lcvnl, aml had no <livisions to chock or brenk t.he water. 
The liahility to an excess of Re,linH'nt. from t.he water of the brook was Ro great that it 
was not com;iderc<l prn<lent to place the eggfl Oil gravel, and a, sufficient nnmber of wire-
cloth trays was provitfod to hold thrnn. The trnys were lll:tfle of iron wire cloth, with 
wires an eighth of an iuch a.part, tacked to light wooden frames, two feet long, one foot 
wide, all(l seven-eighths of an inch <lncp; tlrny were Yarnisl1ed with a 1,0-callecl pa.raf-fine 
varnish to prevent rusting, aud were furnished vvith legs five-eighths of au inch long 
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1 1'..: h mom sufficient for the development of several millions of eggs. 
'I 11 ltmlding and . ll the fixtures were in order in season for the recep-
ri11 1, r the . lawu, the first of which was taken October 28. 
T ••· 11 , 1•paratious for taking spawn were the erection of a rough shed 
u t Ii , side of the brook, some 200 feet below the dam, and the construc-
r i·• ,11 of u number of pens in the brook at the same point. The pens bad 
tu 1. rd bott.oms and sides, and the ends were of wooden gratings, through 
which the water passed freely. They were to be used to confine the 
.· tl mon in while waiting to be manipulated and marked. A gate opened 
from the upper pen into that portion of' the l>rook lying between it 
and the dam, and other gates opeped from pen to pen, so that the salmon 
cou1d be driven from one to another. These were all of small dimen-
sions of course, and a dip-net only was required in taking salmon out 
of them for manipulation. At the dam a small gate was made, nearly 
as high as the surface of the pond, and the water that came through it 
ran over a gently sloping floor about 1~ feet long, with wide crevices in 
it, through which the water wasted, while a salmon coming into it would 
slide down until left without water enough to swim in, when it could 
not do otherwise than roll off the lower end of the floor into the brook. 
Th i arrangement would effectually prevent salmon returning to the 
pond after once coming into the brook; and being now enclosed above 
1 ud below, they could be driven into the pens with a small sweep~net 
w \11·111·\ er wanted. After the first season a long, narrow sluice was built 
leudiug from the dam down to the spawuing-shed, and in this form the 
prl'mises are represented in the illustration. 
The 1,mlmou baviug now the range of a pond of sixty acres, which 
,~onhl by the flowage of marshes be doubled in November, the task of 
catching them agaiu for spawning purposes was by no means so easy as it 
woul<l have been had they remamed withiu the enclosure :first made, 
which coutaiued ouly about four acres of surface, and which would have 
kept them from straying more than forty rods from the brook, into which, 
it wa hoped, they would volu11tarily run. It was therefore thought 
nect-s1mry to mke some new measures tor catching them. 
I• 1rst. hedge, obtusely funnel-formed, was placed across the narrow 
part of the pond a few rods above the dam, each arm of it resting on 
th • ho· it.· a1 1 pierced by an opening occupying the center and point-
in J.. t m II toward the <lam. Salmon swimming down the pond, on either 
Ii •• •·, would find one of the ends of the hedge crossing its path obliquely, 
would follo it out to the apex, pass through the opening, and then be 
\\' 1 t hiu an inclosure out of which there would be but two ways of egress-
to • ~1• lh rn up from the bottom of the trough, so that there might, be a current of 
' 11 11 •
1
• 1 • u•h, ns well as above them. The troughs were not furnished with covers, 
11 I '"" btiog ,) , • on curtains at the windows for protection against an excess of 
li ..;1 • 
. nn 11 close of the . M. • 111 the position of the troughs was changed; they were cut 
into shorter pieces, placed across the building, and fed from a long trough that trav-
' r. • 11 the room lengthwise. This is tho arrangement represented in the plan. 
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one being the way by which it entered, which it would not be likely 
to fiud ; the other through the gate into the brook, to which it would 
have easy access. This structure was completed on the 9th of Oetober, 
and the large number gathered within it before the close of the month 
attested its usefulness. 
Second.. A seine was prepared, 18 feet in depth and about 1,000 feet long, 
which was of sufficient size to span the poud at its widest part; and this 
was- twice drawu the wl10le length of the pond toward the dam to drive 
the salmon insitle tlie hedge. This appears to have done some service, 
although the cliaracter of the bottom, which was soft and studded with 
an abundance of snags, prevented its being as effective as it would have 
been 011 a smooth, hard bottom. 
Third. On the two brooks that are tributary to the pond barriers 
were constructed to pre-vent the ascent of the salmon, and in t,he larger 
one at Redman's Bridge* a pound was made to entrap any that might 
try to pass that poiut. '11hese barriers and pounds might have l>een 
successful had it not been for a heav,y fall of rain, almost beyond precedent, 
that raised the water quite over their tops and let a large number of 
salmon pass up the larger brook. 
Early in October the salmon showed an increased disposition to rove. 
There lrnd been sufficient rains to flow the meadows adjoining the pond, 
and several t-almon were observed there about the eighth day in very 
shoal water. Immediately after the hedge near the dam was completed, 
the fish began to gather in it. exhibiting great activity, running and 
leaping. Tlleir manner of leaping, however, was different from that 
observed in summer. Then the leap was :ilmost -vertical in the air; now 
it was generally more oblique, describing the arc of a large circle. I 
have seen a salmon in Octobel' leap through the air a horizontal distance 
that I judge to be ten feet, witllout rising more than three feet from tbe 
surface of the water. Such movements suggested that they were either 
playing or fighti11g with each other, and tha,t the leaps were accidentally 
made by salmon that were <leluding the pursuit of others. 
On the 24th day of October the grating, which up to this time had 
beeu kept before the gate, was removed, aud a free but small passage 
was left opeu for the salmon. 011e very small male bad already got 
through the grati11g into the brook, and his milt was fouu<l to be mature. 
Up to the e,·ening of the 26th no more came down. That night it raiued 
so heavily as to rai~e the pond. 'l1he nt>xt clay, the 27th, a number of 
salmon were seen to pasR thl'ough the gate into the brook. It was gen-
erally observl•d that they descended tail first. That was the case in 
every instance that I observed. The gateway was only eight inches 
wide, and some of the larger fish, turning partially on their sides as they 
dropped iuto it, could hardly get through. It was afterward enlarged. 
On the 28th the taking of spa,wn began. The first eight females ex-
" See map of Spofford\; Brook. 
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: ,mii ,t·il \\' • •,. fooud fully ripe. During the day twenty-four in all were 
• ,m1 111·d, , ml on]y four of them appeared immature. All the others 
1 •l1!1·tl fuJI Jitters of eg~s, amouuting in the aggregate to 273,400 eggs, 
:111 , , ru ,,. of 9,113 per fish. The small proportion of immature females 
a• unexpected; but it was a welcome fact, since it saved a great deal 
ot J.1i1111 that would have resulted from the presence of a large propor-
1011 "' immature fish. The males were all found ripe from the first. 
'1 , were iu smaller numbers than the females, the whole catch during 
October being fifty-six males and sixty-six females. 
The mode of manipulation adopted, as, under all considerations, the 
best, was the following. The spawn-taker sits on a stool of convenient 
height, with a shallow ten-quart pan before him. He is so clad that he 
need not avoid close contact with the wet fish, and ·when a female salmon 
is brought him he seizes the tail with his right hand, puts her head 
under his left arm, and holds the vent over the pan. His left band is 
free to press the abdomen and force out the spa.wn. In this way oue 
man can do the whole work alone, and quite a.s rapidly as he could with 
two assistants to bold the fish. The eggs are accompanied by a suffi-
cient quantity of tranRparent, viscous liquid to insure easy motion 
in the mass without friction, and to prevent rapid evaporation when 
they are exposed to the air. The time required to take all the eggs 
from a single fish varies from five to twenty minutes, depending in a 
great degre~ upon the size and disposition of the fish. Sometimes .she 
is exceedingly restive, and in such cases it is found best to suspend 
pressure while she struggles. The eggs from a single fish form a mass 
of from three pints to four quarts. As soon as the female fish is re-
Jieved of' all the eggs she will give, she is handed ovn to the weigbers 
and markers. The spawn-taker seizes a male salmon, bolds him over 
the pan in the same position as the other, and presses out bis milt upon 
the eggs. The males are stronger, and struggle more than the females, 
but this part of the operation is soon concluded. When males are 
present in 1mfficient numbers, all the milt to be obtained from one is 
applied to the eggs of a single female; but when, as was oftener the 
ca~e, tbe number of the males required economy in their use, each one 
of them are made to furnish milt for the eggs of two or more females. 
To di. ribute the milt thoroughly among the eggs, the pan is now 
11 1 ' ·II rapidly around in a horizontal circle, which sends the eggli4 and 
milt , hirling about over the bottom, and soon insures contact of t,he 
milt with every egg. Water is now turned into the pan, at first in 
small ancl then in larger quantites, and the eggs are then set away on 
shel · '. ranged around the walls of the shed, where they are allowed to 
;111'1 until the absorption of water is complete. To facilitate this ab· 
sorpt i, •11. the eggs from a single fish are commonly divided among seve-
ral pans, it being found that while the process may be completed in 
twent . · minutes, with eggs lying in a single layer in clean water, it fre-
quently takes an hour or more when the eggs are heaped on each other. 
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Tlle preseuce of a great quantity of milt in the water also obstructs the 
process, and tbernfore the eggs are generally rinsed once or twice. As 
soon a1-, the eggs are completely expanded, aud have loosed their hold 
on the pan~ the_y are po11re(l into a pail aud carried dowu to the hatch-
ing-house. In a full s:-tlmon the eggs are packed so far forward behind 
the gills that at the first pressure it is impossible to get them all at 
once. The fish were, therefore, after spawning, placed in one of the 
pem; and left a day or two, or till a convenient time, when they were 
taken out and stripped again, this tirne yielding from two lrnndred to 
five hundred eggs each. With this second yield of eggs tlrn succes.s in 
fecn11dation was uot so good as with the first taken, whieh I attribute 
to tbe presence of an excess of water in the ahdomen. 
The work proceeded rapidly until the ~d day of November, when 
uearly a million of eggs bad been takeu. The fish then cawe more 
slowly for a week. On the 7th and 8th of November fell 2.7 inches of 
rain. Tbe pond rose rapidly, and poured into the brook a tlood that 
overflowed our pens, letting out our salmon, and mingling them with a 
large number of new-comers. In the hatching-house it rose over the 
floor and over the troughs, where tlie eggs were deposited. To keep 
the floor in place, a few shores had been set against the beams above, 
but the buoyancy of the floor, or of the air confined under it, broke the 
shores, allowing parts of the floor to rise several inches, and some of 
the hatching-troughs swnng out of place. In a day or two the water sub-
sided, and was found to lrnve done no harm iu the house except that it 
left a heavy depm;it of sediment in the hatching-troughs and on the eggs. 
The new rise of the water had brougl1t down a fine lot of salmon, a 
large part of them ripe and full. lVIost of those that had mmaped from 
the peus were CiHight again alHl kept for marking. 
It was at this tirne that the salmon passed our barriers on the tribu-
tary brooks, traversed a mile of meadow beyoud them, and gained 
a rapid, gravelly brook,* when they at once set about the work 
of spawning. Here they were found on the 10th in a, little l>rook that a 
child could step across, above rapids where it seemed almost impossible 
that a sa,lmon could ascend. Quite a number were fon1Hl dead, and I 
doubt uot that they killed themselves by striking against the rocks in 
the attempt to climb a difficult fall, which the most of them passed. 
About seventy fish were caught there, the rrrnjority of them females. 
Many had alrea(ly spawned, anu only abont a hundred thousand eggs 
were obtained from them. 
Scattering- salmon continned to run into tbe brook until the 21st 
of November, ,Ylwu the last egµ:s were taken. Including those caught 
at Rieh\, Brook there were taken about 225 females anu 130 males. A 
more ~xact statement cannot be made 011 account of the confusion oc-
ca~doned by the freshet of N ovem her 9. 
"Rich's Brook; f:we map of Spofford's Brook. 
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Salmon. 
placed in the pond in the summer .................... 688 
h I I been found dead . . . . . . . . • . • .. • • • • • • - -• • • - - -• • . - • • . . 02 
596 
':1u• ht in October and November ............................. 355 
Leaving .........•........ - ....... -. . . . . . . . . . . . . . . . . . . . . 241 
Perhaps as many as 50 salmon came into the brook besides those 
can ht; but that would still leave 191 not accounted for. It was sup-
posecl that they would make their appearance at the outlet of the pond 
in the winter or spring. A few came iu February and a few in April, 
altogether perhaps 25; and there is still a remainder of 166 whose fate 
is unknown. 
The fi~h caught at Rich's Brook w~re turned loose without marking, 
Those at the spawning-shed were all marked, and then set at liberty in 
the brook, whence they could at pleasure descend to the river. Over 
the most difficult fall in their way a sluice was built for them to run 
through, but it was found that instead of entering it they generally 
d o lp1•rl over the edge of the dam and fell 16 or 18 feet upon a ledge 
, ithout any npparent injury. They continued to descend all through 
hr winter ancl spring. 
The mode of marking adopted was by means of metallic tags. Alum-
inum WaH the metal chosen, being desirable on account of its lightness 
mul anti-corrosive properties. It was rolled very thin and cut into tags 
.tbout half an inch long and a quarter of an inch wide. A number was 
stamped on each tag with a steel die, and a small piece of gold, platinum, 
or silver wire attached to it. The tag was affixed to the fish in two differ-
ent ;1_ ~- The first mode was the attachment of the tag to a rubber 
11 nd that was slipped on over the tail. The second was running the 
;\ i r' through the edge of the dorsal fin. Forty-two fish were marked in 
t h,· latter way, one hundred aud ninety in the former. 
• record is kept of all fish marked, showing the sex, length,. and 
"' 1' ht of each one, aud the date when marked and when set at liberty. 
'I h · 1 , 1,ture and identiflcatiou of any of these fish hereafter may there-
fi. 1 ·, 11 tribute much toward a solution of the obscure points in the 
1 at 1 ;t l history of the species. At the beginning of the fishing season 
of I· , • I distributed circulars offering a reward of three dollars in ad-
di i u to the market price for any of these tagged salmon that might 
• Im 1q·ht to me. But none were received, and I do not think any were 
caught. About the efficiency of the rubber hand I have serious doubts. 
In ma11,\ instances that came under wy own observation the band had cnt 
quit, through the skin, and threateued to destroy the fish. Such, I 
think, will be the action of any band that is tight enough to stay on. Of 
the tags attached to the dorsal fin I expect more, and believe that to be 
the best mode yet suggested. 
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After tbe eggs were placed in the hatching-trays it was easy, by count-
ing the uurnber of eggs in a row across the tray, to compnte the number 
in each. A tray of the size most m;e<l, two feet long and one foot wiue, 
ll eld about 4,000 of them wheu thP.Y were evenly spread in a single 
layer. The whole 11u111ber was about 1,5u0,000. In taking them tbe 
egg!-1. of each fish llad, in the majority of cases: been kept by themselves 
as a distinct lot, the record showing when and how taken, and auy note-
worthy facts about the pareut :fish or the manner of treating the eggs.* 
In a number of eases, for the purpose of trying a series of experiments, 
the eggs of a single fish were divided iuto several lots. These were all 
kept separate in the llatching-troughs, and, although the fortunes of the 
season frnstrateu a portion of the experiments, others afforded interest-
ing re.sults. 
The evidences of maturity of a spawning salmon com10011ly observed 
are, a soft condition of the abdomen aud the flow of eggs under pressure. 
The latter is really less trustworthy than the former, for the fish ap-
pears to have tlle power of constricting the vent so that a man's strength 
is hardly suffieient to press the eggs out. When a gravid fish is held 
up by the tail, if the eggs are free from the ovary they run down toward 
tbe hea<l, distendiug the anterior portion of the abdomen and leaving 
it flabby and loose near the veut. If the eggs are still adherent to the 
ovary they, of eonrse, retain their position and the abdomen its external 
shape. The protrnsion of t,he vent, whieh is one of the marks relied on 
by some brec1.ders of trout, fails in the case of salmon. In many instances 
maturity of the eggs is accompanied by the temporary drawing in 
of the vent quite out of sight, and by its firm constriction. This is 
nearly always tlte case while the :fish is struggling, whether during ma-
nipulation or before, and may, to a certain extent, be an inci<lental re· 
sult of the t:fforts of the :fish to get free; but it sometimes continues 
after mnscular action has ce~tsed in wrnry other part.· 
I think it cau be laid down as a general rule that at the time when a 
female salrnou volnntarily begins to spawn, her eggs are all ready to be 
laid and capable of fecundation. To be sure, my observations have 
been made 011 salmon under a certain degree of restraint, which may 
have interfered to some extent with the normal development of the eggs 
and the normal exhibition of the reproductive instincts. But in the 
pond at Bucksport the range was so great that, as far as could be jndged 
from the aetious of the tish, they felt after the first few ,veeks q nite at 
home; and I have seen nothing in their behavior which indicates that 
the degree of sueh interference is other than trifling. It is, therefore, 
presnmed that the maturity of the eggs was nearly the same as it would 
have been iu a state of nature. 
In the case of the salmon manipulated, nearly every one yielded at 
once all of lter egg·s, except such as were packeu in the anterior part of 
"See table 9. 
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the abdominal cavity, so far forwarcl that they could not be forced out 
1, ordinary external pressure. The number of the eggs that we failed to 
.;.l from this cause rarely exceeded fiv~ hundred, and averaged not more 
than three bun<lred. The rest, constituting 97 per ceut. of the whole 
Utt.er of eggs, came freely, with a uniform appearance of health and 
maturity, aud, in a majority of cases, not one in a hundred failed of 
fecundation.• There were, however, during the early days of the spawn-
ing season, several females manipulated that appeared to be unripe, and 
such, after a trial which sometimes -resulted in the ti.ow of a few eggs 
and sometimes not, were placed in a pen to be tried again another day. 
In some of these cases the eggs may have been quite ripe, but volun-
tarily withheld by the fish; in the most of them, however, the evidence 
of immaturity was conclusive. From one of these was obtained at first 
trial three hundred eggs, of which 95 per cent. were fecundated; from 
another, one thousand eggs, and 22 per cent. fecundated. On being 
returned to the water these unripe fish made ra.pid progress in the 
development of the eggs, and very soon the whole litter was ready to 
be lni<l. 
It would naturally be supposed that if all the eggs of each fish attain 
maturity uearly at the same time, the fish will, when left to follow her 
instincts, be but a short time in depositing them; ancl the phenom~na 
thus far observed seem to support that view, although from the peculiar 
circumstances of the case they ·cannot be regarded as conclusive. The 
observations on this point were not many. The salmon that came into 
the. brook, at the outlet, while waiting to be driven· into the pens, found 
themselves in water running over a gravelly bott.om, hall the range of a 
portion of the brook about ten rods long, the current b~ing moderately 
strong, and the bott.-Om gravelly. Here the,v began promptly to lay their 
eggs, in spite of the crowded condition of the place, and when any of 
them were left therP. over night, as was sometim~s necessary, both the 
condition of the females and that of the bed of the brook attested in the 
morning their industry at egg-la~·ing. A few full females escaped from 
our pens and lurked in the artificial pond below, coming up in dull 
, •:1t her, and of nights, into the runuing water just below the pens, and 
:1 ., in " their eggs on a fine gravelly bottom; when discovered here they 
\ •· ·1• promptly pursued, so that they were not long left undisturbed; but 
l I i • managed t.-0 make quite large nest.a, and did it in a very short space 
of time. 
The tributarie~ of the pond, a'°' bag been previously explained, were 
,r11 :.nrl,•rl by hedges and traps, with the design of catching in the latter 
any salmon that should attempt the ascent of the brooks. With the 
exception of a single male caught near one of the hedges, about the 1st 
of No,·ember, no salmon tried t.-0 ascend the brooks nntil after the 7th 
of that month. On the 7th and 8th occurred a heavy fall of rain, 80 that 
on the latter day the water flowed quite over the tops of' the hedges, let-
• See table 9. 
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ting- a large number of salmon pass up the main brook. On the morn-
ing of the 10th I wa.i:; apprisetl of their presence in a trout brook, to 
Which tlte,r lrn1l ascended over rapitls that would ha\;e been quite inac-
cessible llad. it not been for the freshet. Repairing immediately to the 
spot, witll an assistant, I fouud the bottom of the brook, in every avail-
able spot, completely filled with their ri<lds, and salmon of both sexes, 
spent or fpll, occupying all the pooh;. \-Ve caught, and examined nine-
teen female fish, of wlJich six were wholly, a11d Hine partly, speut. If 
these fish had beg-nu to spawn in this spot~ six of them ha,d completed 
the whole process within forty-eight hours, or sixty at most. There is 
nothing conclusive about it, since it is b.y no meaus. impossihle that the 
t·emales found spent on tlie 10th bad begun their spawning before the 
storm of the 7th at some point on tlie shore of the pond, and feeling the 
sudden rise of water, had left the ground wl..tere they had already laid a 
portion of their eggs, and hall trnvelell a mile or two up a small brook 
iu search of a place to deposit the· remaimler. 
The ratio of tecuu<lation was ascertained in from twenty to thirty-five 
days after the eggs were taken. The germ begins, some days llefore 
that, to spread over the surface of the yolk, which it in the end com-
pletely euvelops. During tllis process its advauciug margin appears to 
carry along with it a row of colore<l oil globules, wllich form a distinct 
ring on tlie surface of the _yolk. At first it enlarges as it advances, until 
it has passed half way ronud. the yolk, when it is at its largm;t size; 
f'rom that momeut it grows smaller, until it finally closes up. In spring-
water this phase of development oogins at the tenth or twelfth day, and 
i8 completed in eight or ten <la~1 :-;. During its progress the plainly 
marked ring of oil globules affords an easy means of distinguisbiug a 
f'ecund from an unfemrnd. egg, since iu the latter no such expansion 
of the germ occurs. A very strong light should be thrown through the 
eggs to see their couditiou clea,rly. This is best accomplished by plac-
ing them in a shallow metal box whose bottom is perforated with round. 
holes almost, bnt not (]Hite, as large as the eggs, placing the latter over, 
the boles, and hol<liug them so that the light sl1ines through tliem from 
beueath. The box commonly used at Buclrnport contains fort.Y eggs, 
and if one of them proves infecund, it is held to iudicate a rate of 
fecundatio11 equal to 97½ per eent. If all of the forty are fecund, the 
rate is 100 per cent. A sample of forty from each lot is thus tested, 
an<l a.s there were in 1872 two hundred and. fifty-seven lots, the average 
resnlt is believed to be very acc.urate. 
The eggs taken from full fish at the time of first handling them, and 
treated in the ordinary way, were, in the majority of cases, folly 
fecundated, and the average rate of fecundation obtained by the ordinary 
way was 98 per cent. There were, however, thirty-eight lots of this sort, 
in which the test applied gave a proportion of infeeundated eggs. In the 
most of these cases the rate of fecu11dation indicated was 97~ per cent.; 
in only three of them <lid it fall below 90 per cent., being 87 ½ in two 
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i7 in .mother, the record affording no explanation of eithn 
1 • n ., ,. ; _. l'" I ,ble that few, even of the lots indicated by the trial 
, 1 , 111 11. ,. •unc.lated, were quite so, since they had to be judged by 
1111 J, • 1 11 ,·t hod that does not admit of strict accuracy. In the 
11 1 •· ., t lots alluded to, the presence of a small percentage of infe. 
1111 ,·.,,,.,I,·•,._ is certain. The inquiry uatnrally arises, what was the 
•. 11 • of their failure t It cannot be traced to an insufficient supply of 
miH ; for iu two lots that were milted heavier than usual, only 97 ½ per 
•,•11 t. of the eggs were fecundated, while in another lot, taken on the 
·a me tlay and scantily milt.ed, the percentage was 100 • 
. fter being once manipulated, the females were plaood in the watei-
to recover from their exhaustion, and await a second manipulation a few 
days later, when they would yield about three hundred eggs each. The 
rate of fecundation in these eggs was unequal. On the 1st day of No-
vember all the females used before, sixty in number, yielded at a second 
trial 16,300 eggs, and only 77½ per cent. were fecundated, while in some 
of the subsequent lots of this kind the fecundation was complete. 
The eggs taken from those spent fish that had spawned naturally ex-
hibited the same inequality in their susceptibility to fecundation. I 
think it is to be explained, not by an original defect in the egg, but by 
the action of the water that frequently obtains access to the abdominal 
•=i ,•it. after it has been emptied of most of the eggs, and when present 
in , , •u t ')Uantities might be expected to exert an influence similar to that 
, hich it would exert on the eggs after they bad left the fl.sh. It would 
ir l'i te them to expansion, aud they would then lose their susceptibility 
to fecundation. A small qua.ntity of water might remain near the vent 
or be insufficient to overcome the viscid fluid in which the eggs swim, 
~ nd which, while it surrounds them, prevents their absorbing water. 
From all this it woulcl appear, first, that there are, as a general rule, 
no detective eggs in the ovaries of a salmon; and, second, that when 
Ii fi r i begins to spawn, the eggs are all ripe and ready to be laid and 
f1•1•1 ndated. 
Tl l'l'P are exceptions to the first proposition. One of 1.he salmon 
1 rnaipulated at Orland in 1871 yielded no eggs until December, when 
ll , a nod by dissection that, though her ovaries contained some full-
iz •I • '· · the me,jority of them were ouly partially gro\vn, being of a 
r · it al'i · . of sizes, from nearly a quarter of an inch down to the fifti-
1 b of an inch iu diameter. These were all adherent to the ovar.v. 
·nriu unately the lack of milt prevented the testing of the susceptibil. 
i . uf th foll-grown eggs to fecundation. There are occasionally found 
in a lot of bealthy eggs a few tlJat are white and opaque on issuing from 
the fish ; and I have found them in the abdominal cavity. I can assign 
no •· 11 ... ,.. I have also seen eggs that at the moment of leaving the fish 
bore to be eye distinct evidence of being in an abnormal state, appa-
rently a stage in the process of disorganization. In some cases, although 
the egg was of foll size, the yolk and the oil-globules only appeared as 
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a, small body of colored matter floating in the transparent fluid that 
filled the outer shell. This was the case with eggs found in salmon late 
in the winter and in the spring, and I thought it proceeded from a rup-
ture or shrinking of the ;yolk membrane of an egg originally healthy. 
Some eggs of this character were taken with healthy ones from a living 
fish at the spawning season, and I have found them to abound in fish 
that had been a short time dead. This, in fact, appears to be the ordi-
nary course of an egg that remains too long in the fish. It' is not unlikely 
that there are imperfections of other kinds than those mentioned, that 
render the affected eggs incapable of fecundation under the most favor-
able circumstances. On the other hand, eggs that are in perfect condi-
tion on issuing from the fish may fail from a variety of causes. Water 
may reach them and lie in contact with them too long before the milt 
is applied; the milt itself may have lost its power through the influence 
of water or air. Further, it is possible that in some cases the milt is 
originally inert, or becomes so while yet in the spermaries of the salmon. 
The latter might easily occur through the influence of water entering 
b;y the vent. In manipulating males that have been used once or oftener 
before, a good deal of water is sometimes pressed out first, but the milt 
that follows it appears to be efficient. Without continuing these spec-
ulations further, I will state the result of several experiments on the 
fecundation of the eggs. 
4,-THE FECUNDA'l'ION OF EGGS IN LARGE OR SMALL MASSES, AND 
WITH OR WITHOU'l' STIRRING. 
Experiment 1.-Lot 25, containing 3,800 eggs, was milted as nsnal, was 
then watered and allowed to stand during absorption in one pan without 
any stirring; (the pans used in all cases were circular in shape, and 11! 
inches in diameter; these eggs, therefore, lay abont two deep on the 
bottom of the pan;) fecundation 40 per cent. Lot 26, containing 7,600 
eggs, was stirred five minutes and underwent absorpti:m in three pans; 
(being 2,533 per pan;) fecundation 100 per cent. Lot 30, containing 
7,000 eggs, stirred and set in one pan; fecundation 97-z per cent. Lot 
31, 13,000 eggs, milt scanty, stirred two minutes and a half, then watered 
heavily and set in three pans; fecundation 100 per cent. Lot 33, con-
taing 7,000 eggs, set in one pan; fecundation 100 per tent. The conclu-
sion drawn from these results is that it makes little or no difference 
whether the eggs are treated in large or sm:ill masses, but that it is 
important that tlrny should be stirred. I suppose that wh'e.n the eggs 
lie quietly in a mass just as they were taken from the fish, even though 
tliey be covered with water, the viscid. fluid that envelops 1,hem wards 
off, not only the water, but also the spermatozoids of the milt, until the 
latter have become inert. I have observed with certainty that the fluid 
referred to seriously hinders the absorption of water, and prolongs the 
process for sometimes an hour beyond the usual time, which is twenty 
minutes. Stirring assists both the water and milt to penetrate to the 
egg. 
S. :Mis. 74--17 
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n . SUSOEPTmn.ITY OF THE EGGS TO FECUNDATION IN w ATER. 
r, ,,, ,. ·mtnt 2, October 29.-Lot 34 treated in the usual way; fecunda-
100 100 per cent. Lot 36, from same female, allowed to stand in water 
wo minutes, before the milt was applied, which was done without 
pouring off the water; fecundation 20 per cent. Water, 44° F. 
E. -periment 3, October 31.-Lot 49 treated with water four minutes 
before the application of milt; fecundation 7½ per cent. Water, 43° F. 
E:epe,·iment 4, November 4.-Temperature of' the water 40° F. Lot 
119, treated as usual, was completely fecundated. Lot 120, from the 
same fish, stood iu water several minutes before the milt was applied; 
fe,mndation, none. 
Experiment 5, .S01.-ember 5.-Temperature of the water 40° F. Lots 
136, 137, 138, 139 an<l 140. The milt for these eggs was taken first 
in a dish, dry; then the eggs were taken, divided and watered; 
then, after the lapse of' one, two, three, and six minutes, respect-
ively, the milt was applied ancl the eggs stirred; all then stand 
until free. Results: after one, two, and three minutes, fecundation 
100 per cent; after four minutes, 92½ per cent; after six minutes, 
65 per cent. 
Experiment 6, November 11.-Temperatnre of the water 40° F. Lots 
180 to 189, inclusive, were milted successively; the first immedi~tely, 
and the rest at intervals of f1·om half a minute to ten minutes after they 
were pJaced in water. The result was as folfows, viz, in the lot milted 
immediately, 97½ per cent. fecundated; at the end of half a minute after 
application of water 92½ per cent. fecundated; at the end of one minute 
95 per cent.; at the end of two minutes, 77½ per cent.; a.t the end of 
three minutes, 80 per cent.; at the eud of four minutes, 85 per cent.; 
at the end of .five minutes, 87½ per cent.; at the end of six miuutes, 85 
per cent.; at the end of eight minutes none fecundated; at the end of 
ten minutes 2½ per cent. fecundated. 
The inequality of these results may be attributed to minor differences 
in the mode of manipulation; for instance, the difference in the shape of 
the dishes used, in the quantity of water applied, and in the amount of 
agitation given to the eggs. In experiments 2, 3, and 4, the dishes 
were broad and shallow, and the quantity of water liberal. In experi-
ment 6 the dishes were small mugs, and the quantity of water propor-
tionably small. In the case of lot 189, perhaps the stirring given before 
the milt was applied was insufficient to give the water access to those 
eggs which lay in the bottom of the mug, and that they, therefore, 
retained the susceptibility of fecuudation for some minutes longer than 
they would have done if pure water had bad tree access to them. 
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6,-TlIE SUSCEPTIIllLITY OF EGGS TO FECUNDATION OUT OF WATER, 
Experiment 7.-Lot 67 stood loug before milting or watering; rate of 
fecunuation, 100 per cent. 
Experiment 8.-Lot 92 stood without milt, while lot 93 was taken and 
milted ; rate of fecundation, 100 per cent. 
Experiment 9.-Lots 133 and 134 were kept in a pan half an hour 
before milt was applied, and the rates of fecundation were 90 and 80 
per cent. respectively. In the former case water was applied as soon as 
usual ; in the latter case the eggs, with the milt, were carried without 
water to the hatching-house, aud turned directly into the troughs~ 
This circumstance is not, however, believed to have been influential, 
for iI1 other ca~es it was found to make no ui:fference. (See lots 129 to 
132, in table9.) That the eggs themselves were healthy is proved by the 
successful fecundation of the remainder of the eggs from the same fish, 
by the ordinary method, the rate in all being 100 per cent. 
Experiment 10.--Tbe eggs were taken from a healthy fish, and part of 
them (lot 210, containing 4,400 eggs) milted at once with complete 
success. The remainder were kept in the hatching-house in a pan 
covered over, but not secluded from the air. At the end of twelve 
hours, thirty hours, two days, and fonr days, successive lots (225, 
229, 234, 250) were taken from this pan, and milted with fresh milt, 
The rate of fecundation was as follows: at the end of twelve hours, 90 
per cent.; thirty hours, 87~ per cent.; two days, 75 per cent.; four· 
days, 12-½ pm' cent. 
The results above stated show that the egg retains the susceptibilit.Y 
to fecundation for several days, under favorable circumstances, but that 
in some cases a considerable percentage loses it in half an hour. 
7.-DURATION, IN AIR, OF THE FECUNDATING POW~R OF THE MIL'.r, 
Experiment 11.-Lot 76: milt taken ten minut~s before its application, 
to the eggs; fecundation, 02-½ per cent. 
E.xperiment 12.-Lot 85 : milt taken from the fish several hours in 
advance, and kept in an open dish; fecundation, 100 per cent. 
Experiment 13.-Lot 249: milt kept four days before application; 
fecundation, none. This total failure is supposed to have been the 
fault of the ruilt, since some oft.he same eggs treated with freshly-taken 
milt were fecundated. (See lot 250.) 
8.-DURATION, IN W A'l'ER, OF TIIE FECUNDATING POWER OF THE MIL'l'~. 
Several extensive experiments were undertaken for the purpose or 
determining this point, but accident frustrated them, and they are not 
reported. But it may be stated, in general, that milt was found to pre-
serve its efficiency for seyeral minutes after being placed in water.. 
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J O 1 1 •. , it makes a great difference whether the milt is mixed 
1 n •ougbly with the water, or is permitted to settle in a body to the 
bottom us it will when dropped gently into water. In the latter case 
t 1 1 wa~r may not gain access to the main mass of the milt for some 
time. 
9.-DUBATION OF CONT.A.CT NECESSARY TO INSURE FECUNDATION. 
In the ordinary course of procedure the milt was in contact with the 
eggs not far from a minute before the application of water, and from 
twenty minutes to an hour, or even longer, thereafter. In two instances, 
immediately after the application of the milt and the stirring of the 
eggs enough to diffuse it among them, it was washed off by rinsing the 
eggs several times with clean water, the whole being done with the 
utmost possible dispatch. 
E:cperiment 14.-Lot 125, containing 3,300 eggs ; the eggs were rinsed 
with clean water immediately after milting ; fecundation, 100 per cent• 
B:cperiment 15.-Lot 127, containing 2,700 eggs; rinsed immediately 
after milting; fecundation, 100 per cent. 
From this it appears that fecundation is effected so quickly that, for 
practical purposes, it mny be considered instantaneous. 
10.-TEMPERATURE OF WATER AND DEVELOPMEN'.l' OF EGGS. 
The temperature of the water in the hat.cbing-house when the first 
eggs were deposited, was 44° F., and they developed rapidly. On the 
3d day of November it bad fallen to 420, and from that time till the 16th 
it vibrated between 42i0 and 390, On the 20th it sunk to 37°, and on 
the 21st to 35°. About this point it remained until the last week in 
December, when it sunk to 33°, the temperature of the air outside being 
-19°. During the rest of the winter it generally stood at 33½0 or 34°, 
occasionally rising to 36°. In the spring it sunk instead of rising, the 
water being colder during the first half of April than at any other time 
during the sea.~on. TbJs I attribute to the abundance of snow and ice-
water running into the brook at that time. No difficulty was experi-
enced in keeping the building warm enough to avoid any injurious freez-
ing, although on several occasions, when the night was extremely cold 
and the fires dull, ice formed in some of' the troughs. 
In this extremely cold water, of course the development of the eggs 
was very slow. In the first lot the heart of the embryo was beating 
December 16, but the eyes were not black until January 9, seventy-
three days from fecundation. In spring-water the same stage would be 
reached in about thirty days. On the 7th day of February the circula-
tion was barely established in the embryos taken November 21. In 
those takep November 14 it was distinct and the embryos active; in 
those ef November 9 the circulation was stronger and the embryos 
larger, but there was still no sign of color in the eyes, although ninety 
days bad passed since fecundation. The only disadvantage in this slow 
ATKINS-THE SALMON AND ITS ARTIFICIAL CULTURE. 261 
development is the additional expense attending it, and I think this is 
t·airly conuterba]anced by the longer time afforded for packing up and 
distributing the eggs, and by having the batching delayed until the 
natural period, when all the conditions existing in the water may be 
sup11osed to be best adapt~cl to the healthy growth of the young fish. 
The water in the streams w!Jere salmon naturally spawn is quite as 
cold as that used in this hatching-house, and the incubation of eggs 
there goes on quite as slowly. During incubation one man can, under 
ordinary circumstances, take care of several mil1ions of eggs. There 
is little to be done except to pick out those that die and turn white,, 
before they decay and contaminate the water. In water of 34°° F. decay 
begins so tardily t!Jat once a week is often enough to take out the dead 
eggs. This was done in the present case with wire-pointed wooden 
pliers, without removing the trays from the trough. Some fish culturists 
rewove the trays to a table, where the work cau be done easier, but my 
own experience leads me to believe that at certain stages of develop-
ment the eggs will not endure the disturbance involved without injury. 
The number of dead eggs taken from the troughs was not larger than 
ordinary until about the 1st of January. At that time the number dying 
from day to day suddenly increased, and was ,Tery large during the 
rest of the season. The percentage lost in this way at Orland the 
previous season was but a little over 2 per cent. of the number of eggs 
taken. At the same rate the number this year should have been only 
about 32,000. Actual1y it reached the large total of about 318,000 or 20 
per cent. of the whole. This extraordinary mortality requires explana-
tion. It was due to a variety of causes. First, the windows had been 
curtained only with cotton cloth, and this admitted an amount of light 
that encouraged the rank growth of a Rpecies of confervoid vegetation 
which spread over the eggs like a blanket, shutting them out from a 
due supply of water from the current flowing above them, and exposing 
them to the influence of the water beneath the trays. Second, the space 
underueath the trays wa8 too narrow for so long troughs as 60 feet; 
there was little or no current through it, and tbe conferva prevented a cir-
culation through the traj·s. Thus this space was occupied by stagnant 
water, which soon became surcharged with noxious substances, the exu-
<lations from the wooden troughs and the decay of eggs that accident-
ally slipped down beneath the trays, playing an important part. ,vith 
a suitable current of water all these injurious substances would have 
passed off before they had accumulated sufficiently to do harm. But 
in the stagnaut water they rapidly accumulated, aud, coming in contact 
with tbe eggs above them, destroj·ed them by thousands. Third, a long 
stove-pipe ran aboYe one of the troughs; the liquid condensed within 
it in co1d weather was carried away in a gutter, but on several occa-
sions cousidcrable quautities of this poisonous liquid found its way into 
the troughs.* 
.,. The causes second and. third might have been avoided by the use of covers to the 
troughs, and. these have since Leen mad.e. 
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Tlw ftrst difficulty was remedied by darkening the windows, which 
w, 1 i 11 followed by the entire disappearance of the conferva; the see-
r 1111 1 • raismg the trays so as to establish a current underneath them. 
1 • prompt action the eggs that had not yet been affected were saved, 
but : , large proportion of those that retained life long enough to be 
1 ,u· ·•·d up aud sent away had been so seriously injured as to perish, 
•·1 tber during incubation or soon after hatching. 
11.-P .A.CKING- .A.ND SHIPMENT .A.ND DISTRIBUTION OF EGGS. 
Doring the early part of the season of' incubation, with the co-opera-
tion of Mr. E. A. Brackett of the Massachusetts commission, I tried a 
series of' experiments designed to determine the period when salmon 
eggs can be transported with safety. Ten successive packages, each 
containing eggs from :fixe separate lots of widely different ages and 
stages of development, were sent by express to Winchester, Ma.ss., 
where Mr. Brackett unpacked them and noted the result. The first 
package was sent on the 14th of November, and the last on the 7th of 
January. The results observed were very uneven, almost total loss at-
tending some shipments, while in others the average ratio of loss was 
quite small. In the first two packages, the germ of the oldest eggs was 
in process of expansion over the surface of the yolk, while in the young-
est eggs that process bad not begun; in the former the los8 was several 
foJd greater than in the latter. In the second package the percentage 
of loss in the several lots, beginning with the oldest and running down 
to the youngest, was as follows: 62, 45, 36, 21, zero. In the third lot it 
was 20, 8, 8, 2, 8. In the fourth lot, the development was but little 
advanced over the former ones, and the percentage of loss in the several 
lots remained sub~tantially the Rame, being, in the order of the age of 
the lots, 88, 84:, 10, 8, zero. The next two packages were badly frozen, 
and the result therefore indecisive. On the 17th of December, another 
package was sent, in which the oldest eggs were so far ad,·anced that 
the heart of the embryo could be seen beating, while the younger eggs 
had arrived at the same stage as the o]der ones had in the earlier pack-
ages. The relatfre loHses were now reversed, the percentage being from 
oldest to youngest, zero, zero, 2, 42, 2. A week later another package 
resulted as foJlows: percentage, zero, zero, 36, 8. 
The general conclusion drawn from the resuJt of these experiments was 
this: that the critical period, during which salmon-eggs cannot be trans-
ported without danger of great loss, begins with the first expansive 
movement of the germ,and ends with theeEttablisbmentofthecirculation. 
In oar earliest eggs this t>eriod was, approximately, from the fifteenth 
day after fecundation to the thirty-fifth day, ending thirty-seYen days 
before the appearance of black eyes. In the later lots, owing to the 
lower temperature of the water, it was Jong deferred. In water ha\'°ing 
a uniform temperature of 44° F. I should think the critical period would 
begin as early as the tenth day from fecundation, and last two weeks. 
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Either before or after this period, eggs can l)e transported with much 
~reater safety, altl.J.ough I <lo not think it ,yet. established that any time 
18 quite so favorable as that succeeding the first appearance of dark 
color in the eyes. 
The general shipment of eggs began February 3d, and continued 
weekly until late in the spring, the last lot bei11g sent away in April, 
The whole number Jistribnted was 1,291,800. Tu.ere were retained and 
hatched at Bucksport abont 150,000 eggs, being part of the share fall-
ing to the lot of Maine. The remainder, 1,mn,soo, were packed up in 
moss and seut away; 152,000 going on a sled to Bangor aud thence by 
rail to Dixfield, :Me.; the rest all going from Bucksport to Boston by 
steamer, and from tlrnt poiut by rail to their sev<m1l desti11a.tions. 
Several modes of packing were adopted. The first was the use of 
trays similar to the batching trays in use at Bucksport, made of iron 
wire cloth with wooden franws around the edges. One or two layers 
of eggs were placed on eacli tray, with layers of sphagnum-moss below, 
above, and between them. In most cases pieces of mosquito-netting 
were spread beneath alld above each layer of eggs, between them and 
the moss, for convenience in unpacking, the trouble of separating the 
eggs from the moss when notbiug intervenes being very great. After 
packing, the trays are set~ one on anotlier, in a lJox large enough to re-
ceive them; the frames, coming in contact, sustain all the weight, en-
tirely relieving the eggs from any pressun~ except such as the packer 
may choose to give them ; tliis box is then iuclosed in a larger one, 
with saw-dust, tow, or some other non-conductor of heat, to protect 
against extremes of temperature. This mode of packing is very econom-
ical of space, and thus far appears to be safe, unless the eggs and moss 
be placed in the tray so loosely a,s to slide down together to one side if 
the box be placed in any other than au upright position. The secoud 
method is the use of cyli11drical tin boxes about fl ve inches deep and 
six inches in diameter, in which the eggs are placed in layers alternating 
with layers of moss. Each layer of egr.:s lies between two disks of mos-
q nito-netting sewed to brass rings of just the right size to go into the 
box easily. Six or eight layers of eggs, numbering from 1,GOO to 3,000 
eggs, are placed in each box. The tins are then placed, as in the other 
method, in a large box, with a protective packing. I prefer this mode 
to any other for long distances, and all the eggs sent to the Middle aud 
Westem States were so packed. Some of the parties receiving the eggs 
objected to the size of the boxes and the pressure tu.at the eggs sns-
taine<l in them ; unt I tliiuk that the loss which they attributed to this 
cause was rec11Iy tile result of the general injnry of the eggs, in the 
troughs at Bucksport, as explained above. In all cm,es sphagnum-moss, 
gathered from bogs, without any specia.1 care to keep out dirt, was used, 
and excess of moi::,ture, more than the moss conl<l hold without drip-
piug, avoide<l. 
The eggs hatched out for the State of :Maine, in the Bucksport hatch-
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ing house, numbering about 150,000, suffered a loss of 62,500 duringin-
cnbation, being 41.66 per cent. A very few of them hatched in March, 
but the fall of temperature in April retarded the others, so that but a 
small number of fish came out until the last week in April. The tem. 
perature then rose from 34° to 40°. On the thirteenth day the hatching 
was at !ts height, and before the 10th of May all the eggs were hatched. 
The distribution of the young fish took place the 1st of June, the ab-
sorption of the yolk-sack being then complete. In the preliminary trials 
at transportation 10,500 salmon were lost. The remaining 77,000 were 
turned alive into the Penobscot and Saint Croix Rivers, the former receiv-
ing 67,000 and the latter 10,000. The remainder of the eggs allotted to 
Maine, to the number of 152,000, were transported to Dixfield, Oxford 
County, and hatched by Mr. Stanley, of the board of commissioners, in 
spring-water. The fish came out early, with a loss of about 22,000, or 
about 15 per cent., leaving 130,000. These, after a loss not reported, 
were all set free in the Audroscoggin River and its tributa·ries."" 
The eggs sent to New Hampshire numbered 21,400, the loss in incu-
bation was between 30 and 40 per cent., and the young fi:sh were placed 
in the head-waters of the Merrimac, about the time the sack was ab-
sorbed.t 
To Vermont were allotted 10,000 eggs. They were hatched by Seth 
Green; at Rochester, New York, with a loss of 30 per cent., and the 
fish placed in the Winooski and Lamoille Rivers, tributaries of Lake 
Champlain.t 
Massachusetts received 232,800. They were hatched out by Mr. E. A. 
Brackett, of the board of co~1missioners, at Winchester, in spriug-
water. The loss in incubation was about 24 per cent., amounting to 
55,800. The ~roung fish were healthy and vigorous ; 165,000 of them 
were placed in the head-waters of the Merrimac, soon after the absorp-
tion of the yolk-sack; and into the Mystic River and Red Brook, about 
11,000 each.§ 
The share of Rhode Island numbered 100,000 eggs. They were 
batched at Poneganset, by Mr. J. H. Barden, of the board of commis-
tdoners, in water of 46° F. The total loss was 36,000, being 36 percent. 
The 64,000 young fish obtained were distributed in the Blackstone, Paw· 
tuxet and Pawkatuck Rivers. They appeared strong and healthy.II 
To Connecticut were sent 264,000 eggs ; 204,000 of them were hat~hed 
at Poqnonnoc, by Mr. Clift; 50,000 at North Branford, under the auspices 
of the WaJtonian Society, of New Ilaven, and 12,000 at Westport. The 
J,_ "· sent to Poquonuoc suffered a loss of 20,200 in transportation and 
unpacking, and a further loss during incubation of 33,17JS, lea\"ing 
Distribution in detail as follows: into Swift River, 30,000; into Rangely Lake, a 
1 · thousand; into the AndroHCoggin andJributariee, near Dixfield, the remaind6r . 
L tl r of H. 0. , l,ml1• . • ) 
t Letter of W. W. Fletcher. 
' Letter of M. C. Edwuuds. 
~ Letter of E. A, Brackett. 
II Letter of J. H. Barden. 
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151,625, which hatched out. The rate of mortality was very uneven 
among these eggs, in some lots being as high as 75 per cent., and in 
others as low as 6 per cent. The eggs sent to Westport and North 
Bra.nford suffered an equal loss with the above. The young fish, num• 
bering in the aggregate, at all the establishments, 198,000, were set free 
as saon as tbe absorption of the yolk-sack was complete, in various 
streams in Connecticut.* 
William Clift,· of Mystic Bridge, Com~., agent for the Poquonnoc Fish-
breeding Company, received 64,000 eggs. A small number of them were 
sold, and the remainder hatched at Poquonnoc, with a loss of 33 per cent. 
The young fish were turned into Great Brook, which the company is try-
ing to stock with migratory fishes as a private venture. TLe foreman 
of this establishment, Mr. A. A. Anderson, reported the young fish from 
these a,nd the eggs belonging to the State, under bis charge, as uniformly 
weaker on first coming out than any salmon fry he had ever seen. After-
ward, however, they looked better. 
To New York there were allotted, froin the share belonging to the 
United States, 80,000 eggs. They were sent to Seth Green, Rochester, 
and hatched at the State establishment. The loss was 26,000, t being 32~ 
per cent.; 25 per cent. of this occurred during incubation, and the rest 
soon after. As soon as the yolk-sack was absorbed the young fish were 
set free; 24,000 of them were placed in tributaries of the Hudson; 
1.3,000 in tributaries of Salmon River; and 15,000 in a tributary of the 
Oswego. 
New Jersey received 40,000 eggs, which turned out to be in a condi-
tion much better than average. They were hatched out at Dr. J. H. 
Slack's eRtablishment at Bloomsburg. Only 10 per cent. were lost in 
incubation. Of the 36,000 young fish, the Delaware River received 
18,000, the Raritan 15,000, and 3,000 were sent to Long Island.t 
Pennsylvania was awarded 40,000 eggs. They were receh7 ed by Mr• 
Thaddeus Norris, of Philadelphia, who had made arrangements to have 
them hatched at private expense, at Heitzman's Springs two miles above 
Easton, on the New Jersey side of the Delaware. On unpacking these 
eggs they appeared in remarkably fine condition, but the average mor· 
tality attended them before they hatched, 37½ per cent. or 15,000 eggs 
perishing.§ The remainuer, 25,000, produced fish, which were turned 
into the Delaware River. 
There were sent to Dr. E. Sterling, of Cleveland, Ohio, a small package 
of egg~, numbering 5,200. They were batched by Mr. John Hoyt, at 
the Castalia Springs, near Sandusky. Tbe loss in incubation was 2,700, 
"For further details of distribution see Table 11. 
t l\Ir. Green attributed the loss in great part to the large size of the tins in which the 
eggs were packed, which caused too great pressure 011 the lower layers. 
t Dr. Slack reports 18,000 pnt into the Delaware, 18,000 put into the Raritan, and 
3,000 sent to Long Island, nrnking 39,000 in all, which exceeds the number of fry com-
pntcd ahove by 3,000. Tl.iis discrepancy might come from an error in counting either 
eggs or fry. 
~' Let,tcr of T. Norris. 
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1 ,i:! ru 1 ,,r n . The remaining eggs produced 2,500 young salmon, and 
1 • urned into the Castalia Ponds, which discharge by a, stream, 
Ii 1 ~,, 111 four miles long, into Sandusky Bay. The water of theije pon,1s, 
• nd • th wings which supply them, is very warm, between 50 and 60 
1 ,. •r , • is of remarkable transparency, and highly charged with min· 
eral m?ltter in solution. 
The eggs sent to Michigan numbered 43,200. They were received 
bs N. W. Olark, who hatched them ont for the Commissioners of ~.,ish· 
eries, at Clarkston. The eggs were packed up March 10, and despatched 
on the 11th, but did not reach their destination until the 17th. Not ol"er 
5 per cent. of them were found dead on unpacking. t The temperature 
of the water was 34° F. at the time the eggs were placed in the boxes, 
and it continued about the same until March 25, after which it grew 
gradually warmer until it attained the ordinary snmmer temperature of 
600 F. The fish were all out about the middle of April, to the number 
of 30,000, there having been a loss of 30 per cent. in hatching. The dis· 
tribution of the young commenced May 14, the number having mean· 
while become reduced to 19,500, making a total loss of 23,700, or 55 per 
cent. The 19,500 fish distributed were put into the Kalamazoo, S,iint 
Joseph, Grand, Muskegon, and Manistee Rivers, tributary to Lake Mich-
igan, and the Au Sauble River, tributary to Lake Huron, also into Or-
chard, Walled, Whittemore, Diamond, and a few smaller lakes. Some 
of them are reported to have been since seen in Diamond Lake in good 
condition. 
The eggs awarded to Wisconsin, 40,724, wem sent by express in three 
packages, that were dispatched as follows, viz : 9,324 February 24 ; 
18,400 March 3 ; and 13,000 March 10. In the first package 100 eggs 
died on the way ; in the second 350; and in the third 1,000 ; in all l ,450• 
The subsequent loss in eggs and newly-hatched fry was about 19,500. 
There were hatched and saved about 19,000 fish. The first of them came 
out on the 13th of March, and all were out the first week in April. The 
hatching was conducted by Mr. H.F. Dousman, at Waterville, Waukseha 
Coanty, in spring-water having a temperature of 48° F. Early in the 
spring the young salmon were distributed; 7,000 were put into Meno-
monee River, tributary to Green Bay; 1,000 into Oconomowoc Lake; 
and 11,000 into Milwaukee River. The latter were intended for t.he 
Kewaunee River, which lies one hundred miles farther north, but an ice 
blockade compelled the change.f 
· l. t,r of John Hoyt.---------------------
t J I 1' r of . W. Clark. Mr. Clark remarked that the large cans contained more 
•1 1 •'' 1 ·g than the small ones, and concluded that the presaore on the under Iay-,rs, 
cooBf q11, 1 on the large size of the boxes, caused the injury. 
L1 h•r of H.F. Dousman. Mr. Dousman report,a that one of these fish is supposed 
to ban 111• 11 caught late in An~st, on the Menomonee River, one hundred and fifty 
miles , h, 1· it mouth, by one Cruickshank, a native of Nova Scotia, who was ac-
quainted with the species and pronounced the fish a salmon, on the strength of its 
app ··• n and t& t •, ignorant of the fact that young salmon had been distributed 
there. The pecimen was estimated to weigh 6 ounces. 
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Thu~ it appears that the young salmon set free as the net pro-
duct of the season's work was 876,000, being 71 per cent. of the eggs 
di8tri buted, and 57 per cent. of those originally taken from the fish. 
This result, though it compares favorably with previous operations 
of the kind both in this country and abroad,* is far below what may 
be expected under favorable circumstances. When the influences 
that occasioned the serious injury to the ·eggs during their develop-
ment at Bucksport are avoided, as they evidently can be, there seems 
no reason to doubt that the aggregate losses can .be reduced to 10 
or 15 per cent. of the eggs taken from the fish. The latter number can 
also be largely increased by improvement in the mode of handling and 
transporting the adult salmon, and the use of more efficient means for 
recapturing them in the fall. That there is room for improvement does 
not, however, alter the fact that the season's operations were positively 
successful, and, moreover, successful to an extent which, for the first 
titne, placed in the hands of the commissioners having the matter in 
charge adequate material for the re.establishment of broods of salmon 
in the exhausted rivers of New England. 
0-TABUL.A.R S1'.ATEMENTS EMBODYING OBSERV .ATIONS ON SALMON 
AND SALMON RIVERS IN MAINE. 
The following tabular statements embody nearly all the facts observed 
in connection with the breeding of salmon on the Penobscot River. 
In regard to the records of temperature, it should be stated that the 
observations were made with ordinary instruments, and, for the most 
part, by persons little accustomed to their use. Yet the results in ·these 
cases accord so well with my own observations that I have confidence 
in their general correctness. 
TABLE 1.-Record of temperature at Craig's Pond Brook, Orland, Me., 1871. 
TEMPERATURE, (FAHRENHEIT,) 
Date. 
Air. Brook. Allamoo-aookPond.* Wind. Remarks. 
s s s a s s 
..; i:i. ~ i:i. di i:i. 


























61 ..•••. ••·••• 
54 
Southwest, heavy ••••• • Clear. 
Southerly . • • • . . . . . • • • • • Cloudy, and rain in p. m. 
52 .•••••.••••• Calm .•..•..••...•..•.. :Rain. 
55 ••••• • ••••••.•••.•.••••••.••••••••••• A. m. clear; p. m. rain. 
54 . • • • • • • • . • . . Calm . . . . . . . • . • • • . • . • • • Cloudy ; showers. 
56 .•••••.••••. Southwest, heavy •.•••• Shower. 
54 •••••••••••• Southwest .....•.•••••. Cloudy. 
• Taken near the surface, in the pound where the salmon were confined. 
* At the famous fish-breeding establishment at Hiiningen, during the season oflSil-'72, 
the first year of the German management, out of two and a half millions of eggs col-
lected, one million were lost before they were distributed, and it is stated on good au-
thority that the loss was equally great while the establishment was under French con-
trol. [R, Hessel, MSS.] . 
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BATUl' , (l'.&BBBlUU:IT.) 
Brook. Allamoo-aook Pond, 
74 50 55 ••••••.••••• 
65 50 54 
75 50 55 
80 50 56 
84 50 55 
80 50 55 
83 50 55 
67 50 54 
70 50 55 
84 50 56 
i: ... ?? .... ~. ···oo· oo 
76 .••••••••••• 65 70 




Calm ••••••••••••• , ••.• 
West ••••••••••••••••.• 
North •••••••••••.••••. 
.••. do ••••••••••••••••• 
.••. do .••••••.••••••••• 
Northwest .•••••••••••. 
..•. do .••.............. 




















Sum 1284 1527 908 989 .•••••.••••• 










































































































































































70 South .••..••••••••••••• 
68 South-eouthwest .•••••• 
75 North ••••••••••••••••.. 
77 .••. do ••••••••••••••••. 
77 Calm ..•..•••.••••••••. 
78 Southwest .••••.•••.••. 
78 South-southwest 
77 North .••..••••••••••••• 
76 South .••••••••••••••••• 
78 North .................. . 
72 
75 Calm •••••••••••••••••• 
80 ..•. do •••.••..•••••.•••. 
76 Southwest, strong .••••• 
76 ..•. do .••••••.•••.•••••• 
75 North •••••••••••••••••• 
78 West .••.••••••.••••••. 
TJ Southwest ••••••.•••••• 
72 .~ .. do .••••••••••••••••• 
70 Northeast .•••••.•••.••• 
70 Southwest •••••••••••. 
70 Southeaat .•••••.••••••• 
74 North •••••••••••••••••• 
77 Southw68t ••••••.•••••• 
74 ..•. do .•••••••••••.••••• 
74 East and southeast .•• 
78 Southweet .•••••••••••• 
82 .••• do .•••••••••••••••• 
82 Southeast •••••••.•••••• 
80 .•.. do .•••••.••••••••••• 










































7:l Southweet. .. . . . . .. . . . . Clear. 
80 Weat ........•......... Do. 
78 Southwest............. Do. 
8:l Nortbweat. ..... ... . .. Do. 
















.... do ................. . 
Northweat ............ . 
..•. do ................. . 
.... do ................ . 
.•.. do ................. . 
.... do .•..•............. 
..•. do ................. . 
South-eouthwest ...... . 
Northwest ••••••••••••• 
Southwellt, heavy ..... . 
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Air. Brook. Allamoo• sook Pond. 
Wiud. Remarks. 
s s a a s s 
d P. d 6. c,j ~ ...,. ..;,, ...,, 






































72 Northwest .•...•....... Clear, 
i6 .... do.................. Do. 
76 Sontliwest _............ Do. 











__ .. do ...........•...... 
Northwest ............ . 
Son th-son th east ....... . 






Sn Tn s . . . 1858 2371 . . . . . . . . . • . . 2162 2307 

























































































































74 North ...••............. 
66 .... do ................. . 
65 South ...... _ ...•....... 
70 .... do .......•.......... 
72 Southwest ............ . 
74 .... do ................. . 
74 .... do ...........•...... 
66 North ...............•.. 
66 South ...•.............. 
66 Calm ...•.............. 
70 West ................. . 
68 Son th east .....•..•..... 
69 North ................ . 
65 .... do ................. . 

















South ................. . 
North .............••... 
.... do ................. . 
.... flo .......•••.•..••.• 
Southeast ............. . 
North .....•............ 
Southeast .•........... 
.... do ................. . 
.... 110 ·····•··•········· 
.... do .•.•.•.........•.. 
North ..••.........•.... 
.. .. <lo············ ..... . 
Snms . . . 1550 19:15 ........ _... 1838 193() 





















































~! ... 55. :::::: :::::: 




















58 Sonthwost ..••......... 
58 .... do ................. . 
58 .... do ........... . ..... . 
58 .... do ................. . 
60 .... do ...............••. 
GO •••• do ................. . 
60 N ort.hwest ............ . 









Wef!t ................. . 
Sout.h ................. . 
Southeast .......•...... 
Northeast ...•.......... 
..•. do ................. . 
South .....•............ 
No1'thwest ............ . 
60 Nort,h .....•...•........ 




































Clear in afternoon. 
Clear. 
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58 North ................. . 
56 
52 South ................ .. 
54 ....................... .. 
55 ........................ . 




38 ...... ...... ...... 49 .............................. . 
Snm11... 1315 1300 ...... ...... 1596 1343 


















































40 ...... •••••• ...... 60 ............................ .. 
41 ...... ...... ...... 58 .............................. . 
35 .................. 56 .............................. . 
40 45 .......................................... . 
34 46 ......................................... .. 
...... ...... 46 .......................................... . 
............ 45 .......................................... . 
...... ...... 45 .......................................... . 
...... ...... 45 ......................................... .. 
............ 44 .......................................... . 
............ 44 .......................................... . 
•••••• .••••. 44 ••••••••••••••••••••••••.•••••••••.•••.•••. 
!l'l 36 44 ......................................... .. 
25 ...... 44 .......................................... . 
...... •••••• 44 ......................................... . 
:::::: :::::: ::• :::::: :::::: :::::: ::::::::::::::::::::::::: 
...... ...... 46l .......................................... . 
.••••. .••.•. 45 ........................................... . 
•••••• .••••. 44 ............................................... . 
••••. .••..• 44 ....................................................... . 
•••••• ··-··· 44 •••••••••••••••••• ••••••••••••• •••••••••••. 
•••••• ·••••• 40 ......................................................... . 
•••••. ...••• 41 .••••••.•••..•••••....•..•••.•. ··•·····••·· 
.••••. ·•••·· 40 •••••..••••....••.•.•..•.•••••••••..••.•••. 
........ , ... 42 ••••••••••••.••••• ••••••••••••· ........... . 
3 ...... 41 .......................................... . 
5 ...... 42 .......................................... . 




































650 , ................. . 183 
14 
t3. '7 ······I--···· ..... . 
RemarkL 
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T.\BLE Il.-Rt'cord of temperature at Salmon Pond, Bucksp01·t, Me., in 1872. 
Date. 
Temperature of water. 
TPmperatnre l-----.---------1 
of tho air. 
Bottom.* Surface. 
-~ ::I = I::i = -~ = a I a I = -~ a a s .i e ;, : ci. ~ ~ § ;. ;:;, ;:;.I ~ § oi ;:;. ;:i. ~ 
Wind. Remarks. 
if.I t- .-< lo, ~ '/) <~ -< o, I ~ 'I) f-o .-< o, ~ ~ -(1-1-- ---!- -I---J --
J1111e20 52Gl 171 1601G4 6060G0 .. 60 71727271171.7 Southwest .••..•••.. Clear. 21 5l 5;t
1
7U HU.GO. 7 flO uO GO .. GO 70 71 72 72·71. 7 Soutl1erly, brisk .... Foggy morning, then clear. 
22 5fi u2 8U:GH
1
70 u0 1no fil GO,uO. 3 Gl 70 79 73 74 Northwcstinmorn'g. 
23 60fib4(i0,u:i.360 1u1 (ii ul 'ol 7071 80B077 Southerly ...•...••.. 
24 oo'n1 11u uO (i3. 7fioln1 fil tilHiO. 7 71 717276173 Sout,llwest ......... . 




111 Ii i ~o ~O. 7 ~~ 71 17? 70 ,72. 3 Southe'st to southw't 
26 ;ii h2 17U h0 ,64 h0,u2 tiO lil iGl (i., 717272 71. 7 Soutlrnast .••.....•.. 
27 60 (ii 16t!,G0 ,6 t G01GO (ii 601uO. 3 70 7117:172 ,72 Southerly ...•....... 
2d :it! 5!J164 59,60. 7 flO til fll fiO ,GO. 5 u8 70 72171 71 .... <lo ...••.......... 
29 ~t! :i!J ,~O fiO (i~. a tiU ,l)U ~~ ~o.~o. 3 ti8 i? 78170 72.: .... do ..•••••.•••.... 
30 ;,e 631.JOIGdl73. 7 Gllu2 li:. Gl 61. 7 72 73 7!J 74
1
75. 3 .••. tlo ..•.•.•.••..... 
Means .... I· .
1 
.... 65. 2 ........ \GO. 6 ........ 72. 9 




~ ~ s 
,::: ;::.. ;i 
(i l- 1""'t ~ 
Foggy. 





Foggy, then clear. 
Remarks. 
--- - - - - - - - - - -- - - - - --r--------i-----------~-
1872. 
July i ~~ ~~ ;~ l~ ii:~~~ ~l ~f ~6 1 ~l: 1 l,~ ~~ ~l ~~ ~~: ~ ;~~l1~~~t·.·.·.·.·_-_-:: ~ · 
3 1~111!~ ul5~(i0.7r,01i~~o~~
1f!O ~8<i87J 7270.~ Southeast ...•..••... 
4 [(,(I :i·. <ii 7;., 65. 3 60 6-til li2itil. 7 G7 7d 70 72 73. 3 .•• . do .•.•..•.•..•••. 
5 lr;:1 70 RI 72 74. 3 60 GO Gl 61!iO.770 76 72 71 73 Easforly .•••••.••••. 
6 lk7:2807475.36lfil(H61Ul 727::1747172.7 Northwest .......•.. 
7 fi!I 71 Hl 72 74. 7 61 Gl 6:!,6l1Gl. 3 70 72 iR 71 7::l Southwest ..•..•.... 
8 (ii' 70 7!1 fi-171 61 01 GI IGI IGl 72 7:17:3 70 72 Variable ........... . 
!I 611 fi:l 72 fi8 G7. 7 60 GO Gl 61 1GO. 7 70 71 7:l 70 71. a Southwest, brisk ... . 
10 fi: ~!I z1 fjflG~. 7 l!O fiO ~01~f!1GO 7~ 727~ zo 71. :1 Southwest ......... . 
l1 17;1 !:' I~'.~ 7ti . (~0 ~o GO luO,~O . 7:> 7~ 7:l I~ 11.: We~trrly .......... . 
12 16.1 d7, h,l71.31,0. liOGl 160 1.li0.37.J7;il737-73 .. :l Vanable .•••••.•.... 
1:l l~l ''.:j 7(i li4 *~· 3 Ii~ GO ~o.~~ f,~ 70 72 z2 7~ 7~ ~orthwest .•••.•.... 
J4 ,h~ G.l 74 fiO 6.,. 7 6., 65 65 (i,, fla 70 741, 4 7,l 7,l. 7 Southerly ..•••••.•.. 
1~ ,~(I !i~17\i ~t ti6.: 157 ~7 mi~7j.fi7 71 72
1
Tl 7:! 7~. 3 8outheast ....•..... 




G!J. 3 72 7.l ,1- 74 7;i Southerly ...•....... 
1717: ,017H '/0 74. 3 70 70 70 70
1
70 7:l 73 ,7fi 73 74 Southeast-. .•........ 
18 fi( 1 fl:! fi:l no fi2 70 70 70 1701
1
70 7:l 7417G 7:174. 3 .•• do .••.•••..•..... 
rn fi11 111 1 8:i (i:i 70. 3 71 71 71 71 71 n 73178 7:174. 7 Southwest .••....••. 
20 GI •i.~'i'O fi;i71 71717171 71 7:J7:J l767273. 7 Northwest ..•••..•.. 
21 11;1 liMl7:, Gt'70. 3 7111 71 71 ,71 72 73
1
76 75 74. 7 Southwest .•••••.... 
22 151; :;,. lil li!I 62. 7 71 71 71 ,70,70. 7 72 72,72 7:1 72. 3 Southerly ..••••.. _ .. 
23 5ti .iMl70 00 62. 7 lit! fl8 71 70,li!J. 7 70 70 17:1 71 71. 7 Northwest .•••••.• _. 




10 70 7172,747:J 73 Southerly ..•.• _ •. _ .. 
25 {i~ ,;,i 7r< (i8 71. :i 717117111
1
11 7217:i l71i 76 7;">. 7 Northwest ........•. 
2fl I;" til! f!:iliOlil. 771 71 "71 ,71 ,71 i:![7::!173 72 72. 7 Southeast .......... . 
27 ,:;1; ·,;; G:! 60 fiO 6rl Grl 70 70,6!J. 3 70170,71 70 70. 3 N ortbwest ...•...... 
2-J 5,. 'iO (if( li4 G4 G816H il ,70 ll!l. 7 70 70
1
74 73 72. 3 •••. !lo ...•..•..•.... . 
~!I ~~ ~0 '70 ~~ G6 68170 z1 70 70. ~ '.0111 7~ 7~ 72 Variable ..••••.•.... 




70 7.3 7,l 72 Northwest . •••••..•. 
31 15; :;!l 'lir< u:3 fi3. :i 6r<l70 70 70i~ 70 73 74 72 73 Westerly ...•••..••. 
























Rain in morning. 
Clear. 
Cloudy and showers • 
Clear. 
* ThP oh~•·rvations on tb11 bottom tomporature were obtained by sinking a closed tin can to the bottom 
and kPPpi11~ it thern at ull times exctipt at the moment. of observation, when it was drawn up, the cover 
n·mon·1l, all(! tho bulh of tho thermometer iuserted in t.be water. Tho dept.hat the point of observation 
was frn111 Pi!!ht to ten frd. The 1-mrfocfl tBmperature wnA m easnred at the same place as tl.te bottom 
towpcrnture, a11tl tho position was chaugetl several times <luring tile summer. 
· 7:!. J" EPORT OF COMMISSIONER OF FISH AND FISHERIES. 
T Hr 1• 11.-&cord of temperature at Salm-0n Pond, Bucksport, Me., in 1872-Contloued. 
I 
I 

















































-1 «l i . 
·! a a a ~ 
IC • a s ~ ,:: e a a ~ ·i:: e § .. Ii i:i, § .. Ii ,:i. ii) § c6 ,:i.i:i, 
Cl.l .... ... c,) )1 rn r- ... c,) )1 Cl.l .... ... c:. )I ----- ------
6062 7058 63. 3 6868 7170 69. 7 7070 7372 71. 7 Northwest ..•.•••. 
60163 7059 64 6568 7070 69.3 7072 7371 72 Southwest .••.•••. 
55152 6359 58 6068 7070 69.3 68 70 7271 71 Southeast ..••.•••• 
0060 6058 159. 3 6870 7070 70 7072 7371 72 Northwest' .••.•••. 
51!61 6357 60.3 6770 7070 70 7071 7271 71. 3 Variable .••••••••. 
6063 7268 67. 7 6870 7070 70 7174 7571 74 Southerly •••••••. 
5860 6865 64.3 6061 70 70 67 6970 7271 71 Southeaat ..••.•••. 
5960 7067 65. 7 6062 7171 68 6870 7372 71. 7 .••. do .•••.•.••••.. 1~ 70 68 68. 7 7070 ll 70 70. 3 72 74 7574 74.3 .••. do .• : •.••.••••. 7269 68 6869 7070 69. 7 7070 73-iti 71. 7 .••. do .•••..•••.••. 7872 73.3 7171 7071 70. 7 7074 7573 74 .... do ..••••••••••. ti769 70 70 69. 7 7070 7070 70 7273 7573 73. 7 Southerly ..••.•••. 6869 
7T7 
69. 3 71)70 7070 70 7374 7472 73.3 Southeast .••••••. 
68 71 fl68 71. 7 70 71 71 71 71 7276 7774 75. 7 Southwest •••..••. 
~~, ~~ 6768 66. 7 7070 7070 70 7273 7473 73.3 Southeast .••.•••. 73 68 70.3 7070 7070 70 7374 7573 74 Nor~heast .•••••. 
67 ti8 70169 69 7070 7070 70 
7374 7372 73 Southerly .•••••.•. 
6769 7369 70.3 7070 7070 70 7475 7673 74. 7 Southeast .•••.•••. 
67 78 8572 78. 3 7070 7170 70.3 7374 1e18 76. 7 Variable .•••.••.. 
67 78 8372 77. 7 7071 71 71 71 7376 7575 75.3 Northwest .••.•••. 
61.179 7068 72. 3 10,10 70 70 70 74 75 75 7575 Southeast .••.•••. 
6568 6967 68 70170 70 70 70 7373 74 74 73. 7 .... do ...•••••••••• 
67 68 7067 68.3 ~g,~g 70 70 70 7374 7473 73. 7 Northwest ........ 64 66 6768 67 70 70 70 7475 74 7375 Southerly .•••.••. 
66 71 73 6!171 7070 70 70 70 7678 76 74 76 .••. do .••••••••.••• 
6870 7870 72. 7 7070 70 7070 7778 7874 76. 7 .... do ............. - - -·- .. ..... 68.3 . ... .. .. 69.8 . .... .. .. 73. 6 
Temperature of water. 
Bottom. Surfaee. 
Wind. 
•• 61 •••..••••. 6.1 •••••••• 68 Variable ••••.•••. 
•• 63 • • • • • ••••• 63 • • • • . • • 67 Southerly ••••.••. 
•• 62 •••••••••• 63 ..•••.•• 66 Southeast .•••••••• 
, • 59 ••.••••••• 61 •••••••• 63 • • •• . • Westerly .••••.•.. 
. 63 .•••.••.•. 60 ..•.•.•• 65 •••••••••• do .•••••••••••. 
•• 61 •••••••••• 60 •••••••• 64 Southerly .•••• , •. 
• 60 ••••••••• 58 ........ 60 Northwest ••••••• 
• 
1
~• - 60 •••••••• 57 •••••••• 60 Bouthea&t .•••.•••. 
·- 62 •••••••• 58 ••••••.• 60 Southerly .••••••• 
• • 61 •••••••• 57 •••••••• 59 Southwest ••••••. 
. ,,, 60 .. . ... 58 .. •.•.•• 60 Southerly •••••••. 
. 50 60 .. ...... 59 •••••••• 60 Northweat ...... . 
' 1 t 1• 62 •••••.•• 55 •••••••• 00 ••••..•••• do ..••••••••••. 
30 •· :-,2 u ) •••••• • 1M ..•.••.. 59 .. . . • . Southerly ...•..... 
' UlA •• ~-r~·: =-1~1~•f··: ::,iiu,::: 
Remarks, 
Clear. 
Fog and sbowera. 
Cloudy. 
Clear; rain i inch. 
Foggy morning. 
Fog and clouds. 
Clear. 
Do. 





















Rain and fog. 
Cloudy. 
Rain 2 incl1ee. 
Clear. 
Rain. 
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TABLE ll.-Recol'd of temperatnre at Salmon Poncl, Bncksport, Me., in 1872-Continued. 
Date. 
Temperature 
of the air. 
Temperature of water. 
Bottom. Surface. 
Wiud . Remarks. 
. i s s ,: I i -~ s s s A -~ A • s d ;.i 
§d A~~~~~~~§~~;~ 
--- rJ2 I- ,.... a, 1;;;1 'l1 I- ,-< a, ~ W. I- ,-< a, _;;;i_l-------1------------
1872. 
Oct. 1 .. 58 6L ...... 54 ........ 59 Southwest ..... . 
2 .. 52 60 ...... 55 ........ 59 Westerly ...... . 
3 .• GO IJO •.••.. 5\1 ••••.•.. 5l> Variable ....... . 
4 ............................ Northwest ..... . 
5 .. 50 51 ...... 53 ........ 59 Southwest ..... . 
6 .. 42 52 . . . . . . 52 ........ f.i!) • . . . . • . ••. do .......... . 
7 .. 50 51 ...... 51 ........ 57 Southeast ...... . 
8 .. 50 53 ...... 51 ........ 57 WPsterly ...... . 
9 .. 4:l 50 ...... 50 ........ 53 Northwest ..... . 
10 .. 42 53 ...... 50 ........ 52 Variable ...... . 
ll .. 40 51 ...... 49 ........ 50 Northwesterlv .. 
12 .. 31 48 .•••.. 48 .•.•.••. 49 Variable .... : ... 
13 .. 42 50 ...... 49 ........ 50 Easterlv ....... . 
14 .. 50 52 ...... -1Y ...•.•.. 50 Southei-ly ...... . 
15 .. ~o 5 L . • . . .. 45 .•.•.••. 49 W csterly ...... . 
16 .. 40 . . . . . . . . . . 45 . . . . . . . . 48 . . . . . ..... do ....... __ .. 
17 .. 40 49 ...... 49 ........ 50 ...... Southerly ...... . 
l ~ .. -11 50 ...... 18 ........ 50 . . . . . . Southeasterly .. . 
19 .. 41 51 ...... 49 ........ 49 ...... Northwesterly .. 
20 .. 49 152 ...... 53 ........ 55 .......... do .......... . 
21 .. 30 15;3 ...... 48 •....•.. 49 Variable ....... . 
~~ : : ~~ t42~0· ...... 48 : : : : : : : : ~~.. . . . . . . ~'l~-l~bti:~~~~~::: 
~! .. 36 
1 
............................ Northwest ..... . 
v .. 28 131 ............................ Vitriable ....... . 
~6 .• 32 
1
34 . . . . . . . . . . . . . . . . . . . . . . . . . . . . Easterly ....... . 
27 .. 2:3 I~~ ............................ Nonhwesterly .. 
28 .. 30 ,v ............................ Northerly ..... . 
~~ : : ~i i~~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : . ~ ~~~]~~~~~~~.):: ·. 
31 .. 23 13;; ................................ uo .......... -
Means .... 39. 4;-Hi. 51 ...... 50. 3 ..... ·I·. 5•1. 31- · ... . 
Date. 
Temperature of water. 
Temperature i-------;-------
of the air. 
Bottom. Surface. 
·I ~1~~d ~ t; ~1 ~b 
Wind. 
Cloudy. 






Rain 1¼ inches. 
Clear. 




















'fl .... ,.... "' ;:::i ,;, i- ~ I°' ;;:; 1w. ,.... ~°' ;::;; ---1-------'-----------
~~~:2. i .. :10 138 ............ _ ..... _ ... I ..... . 
3 : : ~5 I~~ : : : : : : -: : : : : : : : : : : : : : :i:: : : : : 
4 .• :JO 130 .•••..........••••.••• , ..•.•. 
5 .. :.!1 . • • . . - . . . . 3!l½ . . . . . . . . 38 
6 .. ':l!l .......... ~o ........ 32 
7 .. •15 ........ - - 41 ........ 41 
8 .. :19 ......... 41 ........ 41 
U .. :3:} .. .. ...... 41 ........ 41 
i~ : : ~}, : : : : : : : : : : j~ : : : : : : : : I~~ 
12 .. 43 .......... 41 ........ 40 
1:3 .. :18 .......... H .... _ ... 41 
14 .. 28 .......... It ........ 41 
15 .. :J>-l . H~ ........ 41 
16 .. 2:1 ... - - .... 41 ........ 32 
Mean11 .... :12. 8 .... --1-- .. 40. 7 --j- · .. --/38. 3; ... • / ·. 
S. n-lis. 7 4--18 
.!74 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 
n ,. 111.-.Becord of ten&peratrire at hatching-house of Penobscot salmon-breeding u;orl,, 
Bucksport, Me., 1R72 and 1873. 





_.,_, 1 30 
I 39 
3 33 


























































Means ... ..... . ...... 
Dec. 1 15 29 
2 30 3·, 
3 34 36 
4 31 31 
5 20 35 
6 19 35 
7 10 26 
8 28 37 
9 34 33 
10 15 18 
11 10 20 
11 -9 12 
13 5 16 
14 11 :12 
u .39 38 
18 8 24 
11 90 2B 
)8 -7 26 
10 19 23 
20 15 26 
21 18 26 
2-~ 13 16 
23 -8 16 
2-1 -1 3 
-18 - 1 
-9 2 
'7 -5 !) 
-5 6 
•I 11, 10 
30 -3 10 
31 -10 12 
lleans •• ...... 
1873. 
Jan. 1 -10 22 
2 -11 20 
3 31 38 





······ ...... ...... ....... 
24 30.3 
28 ~-6 
44 38. 6 
38 44 
40 41.3 
39 4l. 6 
32 34. 3 
37 34. 3 
45 45 
33 39 
42 37. 3 
26 35.3 
30 29. 6 























33 32. 6 
30 32.3 
10 14. 3 
















4 2. 6 
-3 -0.6 
5 -1.3 
0 2. 3 
3 1.6 
•••••• 1 14.6 
- I L3 20 9.3 
3:J 34. 3 
20 26. a 
Temperature of water. 
e a Wind. Weather. a = CII 
ai i:i. i:i, a, ,.. ... => ~ 
44 44 44 44 Northeasterly. Rain. 
44 44 43 43. 7 Northeast ..••. Do. 
43 43 42 42. 7 Northerly .••.. Raiu and snow. 
37 41.5 40 39.5 .... do ......... Clear. 
37 42.5 41 40.1 ..•. do .•..••••• Do . 
40 41 41 40.G Southerly .•••. Cloudy; rain. } 
42 42 42 42 Easterly ...... Rain . . .. • • . . 2.7 in. 
41 42 42 41. 6 Southwest .•.. Cloudy ...... 
41 42 41 41 Westerly ...... Cloudy. 
40 40 39 39. 6 Northwest .... Clear. · 
39 40 39.5 39.8 Southerly •.•.. Do. 
40 41 41 40.6 Southeast .•••• Cloudy; rain. 
41 42 41 41.3 ~~~~t1it::::: Clear. 40.5 41 41 40.8 Rain. 
41 42. 5 40.5 41.3 Northwest ..•. Clear. 
41 40 40 40.3 Southerly .•... Do. 
39 40 38 39 Northwest .••. Do. 
3B 3!1 :JB 3e.3 Southerly ..••• Cloudy. 
38 38.5 37. 5 38 .... do ......... Clear . 
37.5 38 37 37.5 Southwest ..••. Snow in morning, 
35 36. 5 36 35.8 
ta~!~~rt::::: 
Clear. 
:J6 37.5 37 36.8 Snow. 
35 36 36 35.6 .... ,Io ......... Cloudy • 
:J6 36. 5 36 36.1 .••. do ......... Do. 
36 37 36 36.3 Southwest .... Do. 
:J6 37 37 36. 6 .... do ......... Do . 
36 36.5 36 36.1 Northwest .... Do. 
36 37 35 36 ..•• do ....••••. 
36 36 37 36.3 Northeast ..••. Snow. 
36 36 35;; 35. 9 Southwesterly. Do. 
--...... ...... ....... 34. 4 
--
36 36. 5 35.5 36 Southwesterly. Clear. 
36.5 36. 5 36. 5 36. 5 Variable .••••• Cloudy; rain and snow. 
36.5 36. 5 36 36. 3 Westerly ...... Slight snow. 
36 36. 5 36.5 36. a Variable ...... 
36 36.5 36 36.2 •... do ......... Snow . 
36 36. 5 36 36.2 .... do ......... Clear . 
35.5 36.5 35. 5 35. 8 Westerly ..•••• Do. 
35.5 35.5 35.5 35. 5 Easterly ...... Snow and rain. 
36 36 35. 5 35. 8 Northerly ..... Snow. 
35 35. 5 35.5 35.3 Northwest .••. Do. 
35 35.5 35.5 35.3 Westerly ...... Clear. 
35 36 35.5 35. 5 .... do •.•.••••• Clear in morning, clouds 
Northerly .•••• 
in evening. 
35 36 35.5 35.5 Clear. 
35.5 36.5 35.5 35.8 Southwest ..... 
35.5 35.5 35.5 35.5 .... do ......... Rain in morning, clear 
Southell.llt •.•.• 
in evening. 
35 36 36 35.6 Snow. 
35.5 36 36 35.8 Northerly ..••. Do. 
35.5 36 36 35.8 Variable ...... Do. 
36 36 35 :J5.6 Westerly ...... Clear. 
35 35.5 35 35.2 Northeast •.••. Snow. 
35 36 35.5 35.5 Westerly .••••• Clear. 
35 34.5 34.5 !J4.6 Northwest .... Snow 10 inches. 
34.5 35 34. 5 34.6 Easterly ...... Snow. 
34.5 3t5 34 34.3 Northwest .... Clear. 
34 34 34 34 West .......... Do. 
33.5 34 33.5 33.6 Northeast .•••• Snow. 
33 34.5 33 33.5 Northwest .... Do. 
33.5 34 33.5 33.6 Westerly .••••• Clear. 
33 34 33 a:1. a .... do ......... Do. 
33.5 34 33.5 33. 6 Northwest .... Do. 
33.5 34.5 34 34 Variable ...... Snow. --. ..... ...... . ..... 35.17 
33.5 34.5 33.5 33.8 Northwest .••• Clear. 
33.5 34 34 33.8 Variable ...... 
34.5 34.5 34. 5 34.5 .... do ......... Raia. 
34 34. 5 3-1.5,34.3 Weaterl y .••••• Clc,ar. 
.A_TKINS-THE SALMON AND ITS ARTIFICIAL CULTURE. 2 7 5 
TABLE III.-Record ofternperature at hatching-house, q-c.-Continued. 
Temperature of air. Temperature of water. 
Date. s s 
Wind. Weather. 































































































































































































































































































































Means .............. . 
March 1 27 I 40 
2 2(l 40 
3 24 32 
4 21 26 
5 - 4 28 





9 18. 7 
28 1!J 
34 34. 3 
33. 5 34 
33. 5 34 
3:3.5 :H 
33. 5 :H 
33. 5 34 
33. 5 34 








30 31. 3 34 34. 5 34 
!l 20 34 34. " 34 
0 3. 7 34 34. 5 34 
13 7 33. 5 34 34 
0 11. 3 34 34. 5 34 
- 2 3. 7 34 34. 5 34 
0 4. 7 34 34. 5 34 
- 1 5. 7 33 34 3:l. 5 
30 20 33. 5 33. 5 33. 5 
27 30. 7 
15 18 
32 28. 3 
10 2:i. 7 
20 14. 3 
17 :A 
8 15 
33. 5 34 
34 3t 5 
34 34. 5 
34 ;35 
33 34. 5 
33 34 































6 5. 0 33. 5 34 33. 5 33. 7 
24 1::; 33 34. 5 34 33. 8 
26 26 33. 5 34. 5 
29 24. 3 33. 5 34 
29 32 33. 5 34 
33. 5 33. 8 
::n. 5 33. 7 
33. 5 33. 7 
. . . . . . 17. 6 ............ . ..... 33. 5 
2!) 32 33. 5 
16 27. 3 3:i. 5 




9 1L 33 




















Westerly ..... . 
Northwest ... . 
Variable ..... . 
.... do ........ . 
Southwest .... . 
Westerly ..... . 
Northwest ... . 
Southeast .... . 
Variable ..... . 
Northwest ... . 
Southerly .... . 
. .. do. __ ..... . 
Northeast . .. . 
1Vesterly ..... . 
Southerly .... . 
Northwest ... . 
Westerly ..... . 
Northwest ... . 
Northeast .... . 
Northwest ... . 
Easterly ..... . 
Variable ..... . 
... . do·-·'-···· 
Northwest ... . 
Variable ..... . 
Northerly ..•. . 



























Northerly ..... A little snow. 
Northwest .... Pleasant. 
Northerly . . . . . Do. 
Southerly .... . Foggy. 
Northerly ..... Pleasant. 
Southerly . __ .. Do. 
South-southe'st Plensant in morning, 
Northeast and 
westerly. 
Nort,h erly . . .. . 
.. __ do ... ·····-
Northeast .... . 
Northerly .... . 
Northwest ... . 
Northerly .... . 
Southerly .... . 
Northerly and 
southerly. 
Nonherly .... . 
Northwest ... . 
Southeast .... . 
Northwest ... . 







:Northerly .... . 
.... do ........ . 
Northarly .... . 
____ do . ....... . 
Northwest ... . 
Ncrtherlv and 
souther'ly. 
cloudy in cvenil!g. 
Snow in morning, pleas-
ant in evening. 
Pleasant. 
\Vin<l strong; clear. 
Snow. 
Cloudy in morning, clear 
in evening. 
Clear; wind strong. 
Clear. 
Cloudy and pleasant. 





Cloudy; wind variable. 









Snow; wind strong. 
Clear ; wind strong-. 
Clear, calm. 
Clear. 
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TABLE III.-Record of temperatu1·e at hatching-h()'UBe, cfc.-Continued. 





a a 13 ~ Wind. Remarks. ri § .. p. i:i. Cl) .. ,:5, s:5. Cl) 
~ ... ... c,, )I t-- ... c,, --------
1873. 
28. 7 33 34.5 33 33. 2 South westerly Clear. llaroh,. • 38 2a ~ 30 38 36 34. 7 33 35 33 33. 7 Southeast ..... Do. 
9 35 41 20 32 33 34 33 33.3 Westerly ...... 8now•sqaall in morning, 
clear in evening, 
10 13 • 15 21.3 33 32. 5 32. 5 32. 7 Northeast ..... Heavy snow. 11 -4 48 :i2 ~7 32.5 34 3'2. 5 33 Easterly ..•... In evening snow. 
12 30 40 24 31.3 33 35 33.5 33. 8 . .. . do ...•..... Cle11r . 
13 8 43 26 25 33 35 33. 5 33. 8 Northerly and Do. 
westerly. 
Do. 14 15 41 30 32 33 :i5 33 33. 7 Northerly ...•. 
15 29 4!2 36 35. 7 33 35 33 33. 7 Southeasterly . Cloudy, snow in evening, 
16 34 43 3l ::16 33 34 33 3::1. 3 Southwest .... Clear and cloudy. 
17 ~ 40 27 29. 7 3"J 35 33.5 3::1.8 Northerly ..... Clear. 
18 18 41 30 2<J. 7 33 35.5 33.5 34 Southerly and Clear . morning, cloudy 
easterly. evenrng. 
19 ao 41 26 32. 7 33 35 33. 5 33. 8 Northeast ..... Cloudy. 
20 10 36 30 25.3 33 35 33 33. 7 .. . do .......•. Cloucly, snowin evenini: • 
21 39 37 31 33.3 32. 5 34 33.5 3::1.3 Northenst to Heavy snow last night. 
southwest. snow in evening. 
22 98 36. 29 30.3 33 35.5 33. 5 34 Northwest ..•. Clear. 
2::1 ~ 46 22 31 33 35.5 33. 5 34 ii ~;ii;;i;~~ii; Cloudy. 2-1 18 40 11 ~3 33 35.5 33.5 34 Clear. 
25 4 M 23 :Ul. 3 ::12.5 35 33 33.5 Northerly •.••. Do. 
26 -tu 39 35 32. 7 33 35. 5 33.5 34 Northeast ..... Rain in eventn,r. ,n 14 39 25 27 33 35.5 33.5 34 Northwest .••. Snow in morning. 
2ll 8 34 32 20. 7 33 35 33.5 33. 8 Southeast ..... Clear. 
29 39 44 36 37.3 33 35 33.5 33. 8 Southerly and Cloudy and rain. 
30 36 43 32 37 
easterly. 
Rain. 3::1 34 33 33. 3 Easterly and 
31 30 36 34 
northerly. 
33.3 32. 5 34 32. 5 33 Northeast .•.•. Snow. -- --lleaua ........ ...... ...... 211.1 . ..... ...... ...... 33. 9 
-- --
April 1 38 48 ...... ...... 32. 5 34 . ..... ...... Northerly ..•.. Clear in morning, cloud 
in eveninir. 
2 3.1 39 ...... ...... 32.5 34 . ..... ....... Easter}~ ...... Rain and sleet. 
3 34 G ...... ...... 32.!i 34 . ..... ...... Souther y ..... Cloudy. 
4 3'7 48 ....... ...... 32. !i 3:1.5 ...... . ..... 
5 3:J 49 ...... ....... 32.5 33.5 Westerly ...... Clear. 
6 33 49 ....... ...... 32. 5 33. 5 Easte1·ly •..... Clomly and rain. 
7 :H 40 ...... ...... 32.5 33 Southei·Iy ..••. Do. 
tl 34 3'7 ...... ...... 32. 5 33 ... . do ......... Rain . 
D 34 40 ....... ...... 32. 5 33 ····-· ...... ..•. do .......•. Cloud.y and ra.in. 10 35 43 ...... ...... 32.5 33 Southerly and Rain m morning, clea 
11 31 
northerly. in evening. 
48 ...... ...... 32. 5 33 Clear. 
1:2 8f • ...... ······ 32.5 33 Northoast .•.•. Partly clear ; rain i 
13 If 
evening. 
38 ...... ······ 3!'.5 3.1. 5 .... do ......... Cloud\' and rainy. 14 • 81 ...... ...... 32. 5 33.5 ..•. do ......... Snow · in morning, the rain. 
15 • 45 ...... ...... 32. 5 34 ...... . ..... ..•. do ......... Rain • 16 • 45 ····- ······ 33 34 ...... ...... Westerly ..... Clear. 17 • • ...... ....... 33 34 . ..... ....... Do. - n • ...... ....... 33 34 Easterly ...... Rain. 19 N 38 ...... ...... 3.1 33 Northeast •.••. Snow. 
20 ·41 :so ...... ······ 34 35 ...... ...... Weeterl.v .••••. Clear. 21 81 38 ...... ...... 33 33.5 . ..... ...... Northeast ..... Rntn. 
40 IO ...... ...... 33 34 . ..... ...... Weat .......... Clear. 2:1 • 47.1 ...... ...... 33 35 . ..... ....... Northwest .... Do. !l-1 a 11 ...... ······ 34.5 36 ...... ...... Northeaat ..... Cloutly. ~~ 4'.I • ~ ···--· ...... 34.5 3.'>. 5 .••. do ...•••••. Do . 26 fLI • ...... ...... :f6 37 . ..... ······ Northwest .... lloetly clear. 27 40 II ...... ...... 38 3D Weat.erly ...... Clear. • • ...... ...... 38 42 . ••. do ......... Do. 
29 1 • 
., ..... . .. . . . . . 38 u . ..... ...... Southerly .•••. Clear and some cloudy. 





Kean .. 36. 3 •• ···-· ...... 33.1 34.6 . ..... ...... 
Kay 
• I .. =r .. -i=····f :::1., -= --, •s ...... ...... Northerly ..... Clear. 2 -14 f,0 ............ 45 49 ...... ...... Southerly ..... Clondy. 
3 34 35 ............ 44 44 ...... ...... Northea11t ..... Snow. 
4 I 39 49 ............ 42 47 ...... ...... North ......... Clear. 
ATKINS-THE SALMON AND ITS ARTIFICIAL CULTURE. 277 
TABLEr III.-Reconl of temperature at hatahing-lwuse, Jc.-Continued. 
T emperature cf air. Temperature of water. 
Date. 
~ I ~ i:i E ci s ci 
Wind. Remarks. s C<I Cil 
d C. P< a;, d ,:::. ,:::. a;, 
L- .... 0, ;:,1 c:,, ~ 
------ - - ·- - - -- - - - - --
18i3. 






















































· ·•··· . ..... 50 
52 
51 










... ... .... -- 56 
;'8 
58 






























. . . . . . . . . • . . Northerly .... . 
..... . .... .. \Vesterly ..... . 
...... ...... . . . . do . ....... . 
. . . . . . . . . . . . Southwest ... . 
. ..... ...... . . .. do ........ . 
........... . Soutlleast .... . 
............ . ... do . ....... . 
. . . . . . . . . . . . Southwesterly 
. ... .. . .. . . . ·westerly . .... . 
. ..... . ..... Northwest ... . 
.. . ... ...... . ... do .....•... 
. . . . . . . . . . . . Northerly .... . 
Northwest ... . 
Westerly ..... . 
Northerly .... . 
North ........ . 
Soutllwest .... . 
Southerly .... . 
l::iouthwest . ... . 
.... do .......•. 
Northwest ... . 
Southerly .... . 
.... do ........ . 
Southwest ..•. 
Nortllerly .... . 
................ do . ....... . 





Mostly clear . 
Cloudy; evening r~iny: 
Clou1ly; some rain, 1n 
evening thunder. 
Cloudy; showery . 
Clear . 
Cloudy; little rainy in 
morning. 
Clear ana cloudy . 
Cloud_y . 


















Mc:ms ... 48.1 60. 5 [ ..... 
1 
• •••• • 51. 4 5G. :i ........... . 
TABLE IV.-Obscr!'ations on tenipcratnre of Penobscot Ri1•e1·, at a.nd near Bucksport. 
[Station 1 is in the entr:rneo of the "Thoroughfare" that s eparates Ilncksport from Orphan Island, 
amt rcct•.i\·c ,1, wit!t tho Jloocl-ti1le, n great 1lenl of watnr from over extensive muddy flats, which wanu it 
up in s111111y wo:ttlier, allil on cool nights 1uay liavo the opposite eft'rct. J3eing on the eaHt side of the 
rivn. the mm·niBµ: ,11111 hns lcs,1 <'ffoct than it wonl,1 on th e wei-iter11 shore . Depth, about :rn feet. 
:-itation 2 is in tho mnin cha1111 el, oppos ite .Fort, Knox, anu the tide was so str-oug tl,at no sa tisfactory 
ollimrvations of hott.0111-to1111ierat.11rn were secm·e1l. 
!-:itation :J is at the :southern 0111I of Orphan Island, (town of Verona.) in dmie proximity to a "Ood 
Aalrnon-weir iu the cmTent, that sot:'! np ancl down tlte western or main clrnunel of the Pcnoll;cot. 
Dqith, about 30 feet at low water. Observations hero wa<lc at or a little before low water, eacli day.] 
Temperature of water. 
Date. IIour. State of tide. 
Station 1. St~ion Station 3. 
s a5 ~ El 8 0 .s . C<I ~ :§ ~ 0 t: c:: ;::l 0 :::, 
~ w w. i::q w. 
---·----------j---1·----------1- - - -- --- ----
1872. II rs. 
Juno 17 3½ p. m. LrJ\v slack............ 8} Clear . . . . . . . ... . . . . . . . 46 63 
17 ;it p. rn. .Floocl . . . . . . . . . . . . . . . . 10½ ... tlo . . . . . . . . . . . . . . . . . . . . . . 67 
18 ;i½ p . m ..... 1!0 . . .. . . . . .. . . . . . . . !J! Shower . ....... . ...... 4!) til 61 ...•....... 
18 10 a. m. Ehh....... .. • . . . .• . . . 2 .•. . do . . . . . .. . .. . . . . . . . 45 55 
18; 4 p. m. Flood . . . . . . . . • . . . .• . . 8 .... do . . . . . • • . . • . . •.• . . 45 63 
18 8 p. m. High slack . . . . . . . . . . . 12 .... do . . . . . . . . . . . . . . . . . 47 62 




1!1 ;i u. m. Low slack . ........... et . ... do . .... .. ....... .. . 46 fi2 01 
HJ i ~½ a. m. High slack . . . . . . .. . . . 12 .•.. <lo .... . ; . . . . . . . . . . 47 02 ...... . 
45 
II I • 
-
1 .. 








































29 6 p.m, 
30 6Ja.m, 
ao ...... .. 
July 1 8 a. m, 
1 2 p.m. 
2 11 a. m. 
2 3 p. m, 
3 OJ a. m. 
3 p.m. 





7 7 a.m. 
c . UUSSIONER OF ~,ISH AND FISHERIES. 
, ri., io,, on t, 1,aperature of Penobloot Rir:er, 4'0.-Continoed • 
• Temperature of water. IJ 
.g, 
Station :a a: Station 1. 2. Station 3. 
l• of tide. u Weather. .; e "' ai a ~ ci Q ci GI $ ,:I 't = 't! a j ;; i e:: = iZ r:n tl.l ----
Ebb.................. l Clear ................ 46 53 56 .......... . 
Low water •••••••••••.•.••...•. do .. •• • • • . • • • • • • • • . . • • • . • . . . . . . . . • • • • . 44 51 
f!~b ;~8:,~ ::::::::::: :::::: ::::i~ ::::::::::::~:::: ·--~~ .... ?~. ::::::· ... 54 .... 58 
Flood . . .. . . . . . • . . . • •• Si ..•. do • . . . • • • . • • • • • • • • . 50 66 65 ••••••••••• 
Low water ..•••••••••.•.•••.••• do • • • • • • • . • • . . • . . . . . • • • • • . • • . . . . • • • • • . 57 64 
Low 11IAck . • • • • • • • • • • • 8 .••• do • . • • . . • • • • . . • • . • • 62 67 67 ...•.•.•.•• 
E!tb :.~r::::::::::: ... ~ .. ::J~ ::::::::::::::::: ... ?~ .... ~. ::::::: ... 46 .... 58 
Low slack . . • • • • • • . • • • 8l ..•. rlo . • • . . . • . . . • • • • • • 113 69 ....•...•.•••.•.•. 
~~Yw8:t!r·::.:::::::: ···-~- ::::X~ ::::::::::::::::: ... ?~ .... ~~- ::::::. ···40· ... 60 
ii.:~; ~i,i>·:::::::::::: ···o·· .~~~::::::::::::::: :::: ···s2· ... sg· ::::::: ... ~~ .... ~ 
Low water • . • • • • •• . • • 6 .... do . • . . • • • • . . • • • . • • . 61 66 46 57 
High water • . . • • • . • • • 12 ..•. do . • • • • • • . • • • • • . • • . 53 116 •••••....••••....• 
Low water . . . • • •• • • • • 5l .... do . .. • . . • . . . . • • . . • . 51 58 . . • . • • . •••••.•..• 
Low water paat • ••• •• 6l Misty IUld showers.... 61 6d . . •• . . ••. ~,; • 
61 Low water . • • • • • • • . . . 6 Clear • . • • • • . . • . • • • • . . . 57 6-1 ..., 
Early ebb . •• . • • • ••• •• 0 .... do . .•. . • • . •. • • • . . . . 50 60 ...•••.••••••.••.• 
Low water . • • • • • • . • .. . . . . • • Cloudy . . • • • • • . • • • . . . . 55 63 50 r,o 
t~ywea~~r·::::::::::: .•• ? .. ·ci~~~ ::::::::::::::::: ··-~~ .... ?~. ·:::::: ···•s· ... s:i 
Low water past • • • • • . 1 .••. do . • • • • • • . • • • • • . . . . 49 65 ..••••..•.••....•• 
Justtarnedhlghwater 0 .••. do................. 50 6:i ..•....••••••.•••• 
f!~Y::!r·::::::::::: .•• ? .. ::J~ ::::::::::::::::: ... ~~ .... ?~. ::::::: ···•i° ... 57 
High water........... i Clondy . • . . . . • . . • • . • • . 50 60 .•••••...••••...•• 
Low water . • • • • • •• • • • 6l •.•. do • •• • • • • . • . • • • • • • . 50 115 .•••••.....••.•.•• 
High water........... 2t .... do................. 4tl f>O •••••••••••••••••• 
Low water........... 6i .... do • ••• • • • • • • • • • • • . . 49 65 ..•.••...•..•.•••• 
High water........... t Hazy................. 50 61 ..••••..•..••.•.•• 
Low slack •.••••••••••.••.•••..• do................. 5.'i 6l .••••••.•••••.•••• 
Early ebb . . • • • • • • • • • • 0 .... do . • •. . • • . . . . •• . . • . 50 60 .•..••.•.•.•.•...• 
Low water • • • • • • • • • .. . • • • • . Clear, with thunder- . • • • • . • • . • • • . • • • • • . 48 51 
shower. 
Early ebb • • • • • • .. • • • • ll Clear . • • • • • • . . . • • • • • • . 51 62 ................ .. 
Low water ••..•••••••••••.••.•. do • • • • • • • • . • • • • . . . . • • • • • • . • • • • • . • • • • • . 50 513 t:1w~1:r·:::::·::::: ••• ~~. ::::~~ ::::::::::::::::: .•• ?~ .... ??. ::::::· ···4u· ... 56 
Between low watel' 7! .... do . • . • • • . • . . • ••. . .• 50 6-1 . . . • • • . ..•••..•.. 
aud low slack, 
7 p, m. Low wRter ••••••••.••.•••..•••. do • . . • • • • . • • • • ••• •• • •• • • . . • • . . . . . • • • • 4fi 56 
8 6 a. m, ••.. clo..... ••• • •• ••. ••• 6 •••. do................. 50 61 . •.. . • 46 55 
1 p. m, Early el>b . • • • • • ••• • • • 0 •.•. do . • • • • •. • • • • • • • . •• 51 61 . • • • • • . .•.••.•.•. 
ti 71 p. m. Low 11lack. •• • • • • • • • • • OJ •.•. rlo . . . • • . • . •• • •• • • . . 50 65 . •• • . • . ......... . 
9 a. m. Low water . • . • • • • . • • • . . • . . • Clear after fog • • • • • • • • . • . • . . . . • • • • . . . . • • 46 54 
9 9i 11. m, Low slack............ 81 ••.. do . • •• • • • • • • • • • • • . . 50 67 ..••.•.••••••..••• 
9 !I p. w, Karly el>b • • • • • • .. • • • • i .... do . • • • • • • • • • • • • • • . . 51 62 •••..•..••••••••.• 
10 . . • • • • • • Low water • • • • • •• • • • • . . • • • • 'rhnnder-ebower...... . • • • • • . • • • • . .. . . • • • 45 57 
~~ ·::::::: :::::~::::::::::::::::: :::::: 81::~~~.~~::::::: :::::: :::::: ::::::: ~- ~ 
H :::=:::: ::::!L::::::::::::::: :::::: :b:1~!~~~~=;oi:::::::: :::::: :::::: ::::::· :! ~ 
=====:I==== 
Mean dnrin,r Jnne ••••••••••••••••••••••••••••••••••••••••••.••• ·151. 4 62. 3 
Mean dnring Joly............................................... 50. 3 fi2. 5 
General mean •••••• •••••• •••••• •••••• •••• •• ••••••• •••••••• •••••• 51. 0 62. 4 
60.9 48.1 5fl.:I 
47. 2 56. 6 
60. 9 47. 7 57. 6 
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TABLE V.-Observations on temperatul'e of water in Eastern River and Dead Brook, 
01'land, Me. 
(Depth of water in Eastern River, 16 feet; in Dead Brook, 5½ feet. Dead Brook is a long, shallow 
stream, and tlrn observations were taken at tbe point where salmon were kept in 1871. Eastern 
Rfref comes from large pond~, and the temperature was observed within one-half mile of the outlet of 
one of them.] 
Water in Eastern River. Water in Dead Brook. 
Air. 
Date. 
Bottom. Surface. Bottom. Surface. 



































81 6.6. 5 72 73 72. 5 70 74 
76 60 70 74 72 71 73 
~ 00 W 67 ~5 W M 
~ ~5 67 ® ~ 00 ~ 
W ~5 67 U ~ 67 ~ 
,,6t; GO 67 68 67. 5 66 69 
W M 00 00 00 00 00 
61 52. 5 64 65 64. 5 64 65 
W M5 ~ 67 00 ~ ~ 
77 62. 5 64 (i7 65. 5 64 68 





67. 5 57 
67. 5 60 
66 59 
64. 5 59 
65. 5 53 
(l6 55 
65. 5 55 
66. 5 61 
63 62 
6~ 63 
59. 5 57 
59. 5 57 
60. 5 60 
60. 5 59 
60 59 
58 53 
59. 5 56 























Means .. 49 ~ 59. 1 66. 6 68. 9 67. 5 66. 3 I 69 67. 5 58. 4 63. 2 66. 6 58.3 66. 5 
TABLE VI.-Ob8ervations on temperature in Sand.rJ River, at New Sharon, rnade by J. F. 
Pratt, M. D. 
[Station 1 is abov-e the dam one-half of a mile; depth of water, 15 feet. Station 2 is below the dam 
four rods; depth of water, 10 feet.] 
TEMPERATURE OF WATER, (FAHU.) 
TEMPEHATURE 





Surface. Bottom. Surface. 
8a.m. 2 p. m.17 a. m. ~ p. mJ 7 a. m, 2p.m. 7a.m. 2p.m. 7 a.Ill . 2p.m. 
1872. 64 77 '63 62 ......... ---·-··· 62 63 ---·--·- - "' ... -. Septemuer 2 ..•••• 52 li6 62 ····---- 62 ......... 61 62 . ......... ·-----·-:J .••••• 4!J 50 62 .......... .......... ·--·---· 61 62 ......... --·-···· 4 ...... 48 78 Gl 62 ----·-·· 65 60 63 61 66 
5 .••••. 51 73 62 (l2 62 65 61 64 I' 62 65 
6 ...... li5 70 64 6;3 64 65 63 64 64 64 
7 ...... 79 88 65 fi6 68 70 65 68 66 118 
8 . ..... 61 70 67 68 68 70 66 t;B 67 70 
9 ...••• 52 74 68 69 6d 71 67 . ........ 68 70 
10 ...... 57 60 67 6d fi9 67 .......... 67 68 69 
11. ..... 64 74 66 (l6 68 li9 ·····-·· 68 ··-··--· 68 12 ...... 65 71 66 69 68 66 66 66 6d 
13 ...... ----~~ 
654,596-
------
Sums . . . . . . . . 707 I 851 I 707 610 632 715 522_1_608 
Means . . . . . . . 58. 9 70. 9 64. 2 · t.i5. 4 66. 2 67. 7 63. 2 6.3 65. 2 67. 5 
I 
1 I . IONER OF FISH AND FISHERIES. 
11 11 t ,.1,, •rat•re o/tcater in the tout branch of the Little Awdro,-
(n l, ;, , r. ,,t 'l\'011oa11, Jle., made by .A.. B. Crockett. 
,, , r. 1 ,,,n ·er made was abont one-eighth of a mlle from the fallll, to water 
1,,1 11 t l, ,1, 1 .. no be found. The bottom temperature waa obtained by eioklo,t , . a Un, atticbed. u In the other casea. Thia atl'eam drains Penneaaeewaueo 
1 r .. r about !ICJO acres in area, deep 11.nd pure, and t,hc place of obaervatton waa aorue 
wil• t, but before reaching that l)Oint the water pa11aed through numerous mUI-
TF.MPERATURR OF 
THE AIR, (FAHH..) 
TEMPEJUTURE OF WATER, (P'ARB.) 
Date. Bottom. 
6 a.m. 2p.m. 6 a.m. 
18i2. 
l I ~ :::::::::::::::::: .................... •••••••••• 6!'i 
,, ............................. .......... .......... 71 ................................................ 
-~ ........................................ ·········· 













































69. 6 68.4 
TAHLE VIII.-Statement of salmon bough.t ali·ve at Buok1tport in 1872. 
The weighta record8'1 in this statement were obtained, not by actual measurement, but by jndgment 
,, l1tht, a method which la liable to error, but when passed b;y au experienced person genernlly comes 
, , , • uear the true weight. In t-he third column a1·e wven the l!)itials of the persons who furnished the 
,ahnon. The number of weire controlled by each person varied largely,.,r. .A. ,v. hnviug the salmon 
n om only two, J. W. from four or five times as many. J. A. W.'s salmon were brought only from the 
110, th, rn part of Orphau Ialll,])d, a distance of lesa than half a mile; A.'s from th1·ee miles down the 
11 1 1· L J. W.'s from pointa still tarther down, distant about four miles; still farther, about five miles 
t'1oru .nncksport, around the south end of Orphan IslaIJd, were the weira that furniahed A.H. W.'s ealm-
ou The number brought each time generally include1l the ca.toh of all the tides that had intervened 






























~ a ~ 
1 i ... Q 
8 ... 
s:I $ 




- p.m. J.A.W. 1 - p.m. J.A.W. 2 - p.m. J.A.W. 7 
. 30p.m. A. 8 
11 a.m. J.A.W. 1 
11 a.m. A.H.W. 3 
Jl a.m. J.W. 3 
ll a. m. J . .A.. w. 5 
11 a. m. J.W. 11 
ll a. m. A .• 6 
30p.m. J. \, W. l 
n.m. J.A.W. 2 
1l 30 a. m. A. 1fl 
1 p.m. A.H.W. 15 
1 p.m. J.W. 11 
· 30 p. m. J.A.W. 4 
l I m. \, 9 
i p.m. A.H. w. 10 
p.m. J. \V. 10 ,o m. J. W. 11 - p.m. A. 7 - I' m, IA,H. W. ij - p. m. J. W. 14 
Ji m. J.A.W. 4 
p.m. A.H. w. 7 
3 p.m. J.W. h! 
I p.m. J.W. 9 
11.30 m. J . . w. 5 
4 p.m .A..H.W. 12 .. p. m. J.W. 10 
p.m.1 A. • 
~ ~ ... ~ 4 -= -= 't:I bi!. ·s 1 ·s~ s:II!: -5 11:-C g 
I 
I!: Cd -= 8. Weights of salmon in pounds. ci, ... 
t 
... tg & cS "'c:> - ...... 8 c:> .a! ~.s ~ ~ Q ;f ◄ ◄ E◄ ◄ ----------
Lb,. Lb,. 
11 •••••••••••• ·~···· .••••••••• 11 11 1 11 $0 30 
10,11 ......................... 21 10.r, 2 10. 5 2o 
10, 10, 11, 12, 14, 14, 2ot ......... !Hi 13.1 7 13.1 25 
!)6 12 8 12 25 
10 ............................ 19 1!) l ............................... 32 10. 6 7 11.6 25 ····················· .......... 30 10 ............ ··················· Sit 10. 3 } ............................... 116 10. 6 70 11. 7 23 10. 8 25 ······························· ............................... 12 12 
................. ·············· 2,1 12 
} ............................... 200 12. 5 ··········-············· ....... 173 11.5 48 12 25 114 10. 4 
10, 12, 20, 20 ................... fi2 15.5 ..................... ........ l~ 13. 9 l ................. .. . . . . .. ..... 117 11.7 29 13.6 21l io,' 10,'io;ii;ii,i2,'i!2,i~20:~0;2i l!U 12.1 149 13. 5 } ....................... ········· 85 12.1 ............................... 
1:' 
10.11 40 11.9 20 
11.1 
12, 16, 16, 21 ................... 65 16.2 l 9, ll', 10, 10, 12, lS, 24 ........... 93 13.3 
10, 10, 10, 11, 11, 12, 14, lS, 19, 22, lA!I 15. 4 
J 
32 14.2 28 
94,91:J. 
10, 10, 10, 10, 11, 12, 12, l!l, 20 •••• 107 1L9 
· ii: 10: o; i.. i8, 'ii ·.-6, ·;, ·ii, c:i:,;,49j 65 13 l 29 lfll 13. 4 12, 11, 10!, 11, lll, "· 12, Jl, lll, 112 11.2 11.6 20 
l~. 
20, 1 , 10, 9, D, V, 7 •••• : ••••••••• 75 10. 7 j 
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TABLE VIII.--Stafcrnent of salmon bought, ~c.-Continued. 
,d i:i 
+l ~ ~ 
0 
.:::l +l ~ ~ 
~ 8 
01i ~ .~~ 
;; ·z .cl A 
] 
b.O .cl a, d ;:::, 
'cil ~ '8 Q ~'-;:l 0 
<:) 
oe P, 
a, '+-< Weights of salmon in pounds. .s ~ lo) .=:I I-< 0 ca a, I-< a, Q t 








~ s b.O a, ~:.S -~ ;:::, .=:I ;:::, b.O ;; 0 ~. 
~ 0 
~ ~ ~ ;z; 
<11 <ij E-; '<'11 p... -----·------
1872. 
Lbs. Lbs. 
June l1 5.30 a.m. A. 15 20, 18, 17, 16, 12, 12, 12, 12, 12, 11, 
l!Jl 12. 7 ) 
11, 10, 10, 9, 9. 
14. 6 
} 17 6 a. Ill. .A..H.W. 12 22, 22, 22, 18, 15, 12, 11, 11, 11, 176 36 13. 9 $0 19 (3=32.) 
17 6 a.m. .r.w. 5 22, 21, 20, 11, 11 ................ 85 17 
17 3 p.111. J.A. W. 4 ----------··· ---------·······-· 48 12 
18 6 a. Ill. A.II.W. 11 17½, 14, 10, 11, 10, 15, 15, 11, 12, 
139 12. 6 ) 
11½, 12. l 38 11. 9 19½ 
18 6 a. rn. .r.w. 17 16}, 15, 10½, 11½, 10½, (12=133) 197 11. 5 r 18 6 a. rn. A. 8 20, 12, 12, 13, 11, 10, 6, 11 ........ 95 11. 8 
18 6 a.m. J.A. W. 2 9, 15 .. .................• - . - . - . 
21 12 J 
19 7 ft.Ill . .A..H.W. (j 9, 10, 10, 10, 11, 12 •...••........ 
62 10. 3 l llJ 7 a.m. .r. w. 5 11, 11, 12, 9½, 10½ .............. 54 10. 8 16 10. 8 19 rn 7 U. Ill. A. 5 9, 9~, lU, 10-½, 18 ................ 57 11. 4 
20 9 a.m. A. 5 11, 11, 16, 17, 21 .••••..••....... 76 15. 2 1 
20 9 a.JU. A.H.W. 3 10, 12, 13 ...................... 
35 11. 6 I.. 19 13. 4 19 
20 9 a.JU. .r.w. 7 9, 10, 10, 10½, 11½, 12, 22 ......... 85 12.1 ( 
20 3 p.m. J . .A.. w. 4 11, 12, 16, 21 ....... . ........... 60 15 J 
21 3 p.m. A.H. W. 10 (6=fi7), !J, 10, 10, 11 .•...... 107 
10. 7 ) 
21 3 p. m. .J.W. 10 8½, 10, 10, 10½, 10½, 11, 11, 11½, 
123 12. 3 
j 21 11. 7 19 20, 20. 
21 3 p.m. J.A. W. 1 16 ............... ·····•••• - . -- 16 
16 
~3 10 a.Ill. A. 7 !J, 10, 10, 10, 11, 12, 23 ........... 
tl:\ 12.1 ·1 
22 10 a.Ill. A.H.W. 9 JS, 18, 20, 20, 20, (5=49) \25 
13. 8 
~ 22 10 a.Ill. .r. w. 20 9}, 10, 10, 10, 10, 10½, 10~, 11, 11, 261~ 13. 1 41 13. 1 18. 
11, 11, 11½, 11¼, 11½, lH, 14, 20, I 21, 22, 23. 
22 10 a.m. J.A.W. 5 ------··----- ---------·-------· 65 13 J 
24 JO a. m. A.H. W. 10 9, 11, 12, 12, 16, 16, 18, 18, 20, 20 .. 152 15. 2 ) 
24 10 a.111. .J. w. 16 · 1u, 10, 10, 10, 10½, 10½, 10½, 11, 11, 176½ 11. 3 I 
11, 11, 11, llt, lH, 12, 12. > 34 12. 4 18 
24 10 a.m. A. 5 9½, 10, 10½, 14, 16 ...•....•.•.... 60 12 I 
21 10 a. rn . .J.A. W. 3 ·-----------#•-· --------------# 35 11. 6 J 
25 10 a. m. .J. w. 7 9, 10½, 10½, ll, llt, 11½, 20 ....... 84 12 ·1 
25 10 a.m. A.H.W. 2 11¼, 12½ ....................... 24 12 > 19 12. 4 18 
25 10 a.1u. A. 7 9, 9, 11, 12, 12, 19, 22 ............ 94 13. 4 I 
25 7 p.m. .J.A.W. 3 10, 12, 13 ...................... 35 11. 6 J 
26 7p.m ..... .J.W. 13 !l½, 10, 10, 10~, 10½, 11, 11, 11, 11, 155½ 11.9 } 11~, 11!, 18, 20. 17 11. 5 18 
26 7p.m ..... A.H.W. 4 9, 9, 10, 12 ..................... 40 10 
27 7 p . JU ..... A. 8 8,t. 9, 9, 10, 10, lU, 11, 1-1 .••...... 81½ 10. 2 } .J.W. 4 9½, 10, 10½, 12 .................. 42 10. 5 14 13. 3 · 18 
A.H.W'. 2 9, 14 ........................ -- 23 11. 5 
28 7p.m ...•. J.A.W. 4 ·------------ ------------------ :\9 1'1.7 } 28 7 p. JU. - ••. A. 4 !J, 10, 11, 22 .................... 52 25 12. 9 19 2d 7 p . m ..... A.lI.W. 8 !), !li, 10, 11. 12, 16, 18. 20 . . . . .... 105½ 13. 2 
~B 7 ll- Ill ..... .J.W. 9 J :l, 13, 13, 22, 2:l, 22½, 22i, 23½, 23½. 107 - 11. 8 
2!) 7 p. rn ..... A. 7 et, 9~. 11, 12, rn, 20, 21 .......... 100 143 ) 
2~ 7p.m ..... A . H.W. 14 8, !), 10, 10, 10, 10½, 11, 12, 12, 12, 18H 13. 2 
I 
12, 1:1, 18, 18. J 29 
13. 4 20 
2!J 7p.m ..... .r.w. 8 9, 9, 10, lOt 20, 22, 23, 23 103½ 12. 9 
July 1 7 p. m ..... A. 9 !J, !J, 10, 10, 10, 12, 12, 20, 24 ...... 116 12. 9 } 1 7 JI. Ill .•••• A.H.W. 10 10, 10, 11, 11, 12, 12, 12½, 13, 18, 22. 1:11½ 13.1 1 7 p. ill ... ., J.W. 15 9, 10, 10, 10½, 10½, 10½, 11, 11½, 19-1½ 12. 9 34 13 20 
2 7p.m ..... A.H.W. 
11½, 12½, H!½, 1:i, 20, 20, 22. 
6 9¼, 10, LO, 11, 12, 12½ ............ 65 10. 8 } n 7 p. Ill . .•.. J.\V. 5 8~, 10½, 10½, 11, l'l½ ..........•.. 5'.:l 10. 6 11 10. 7 21 
3 7 p. m ..... .A..JI.W. ::1 IU, 10, 11½ ... . ....•.....•...... 31~ 10. 5 t 3 7 p.m ..... .J.W. 10 9, 10}, 10½, 11, 11½, 11;;, 14, 14½, 123½ 12. 3 H½,18. 19 11. 4 22 
:1 7p.m . .... A. 6 9, 10, 10, 10, 11, 12 .............. 62 10. 3 J 
4 I 1 p. m ..... A.H.W. 10 fl, 10, 10, 11. 11, 12, 14, 14,l-. 15, 17. 123½ 12. 3 } 4 7 p.111 ..•. .J.W. 10 9½, 9}, 10½, 11, 11, 11, 11½, 14, 15,19. 122 12. 2 25 12. l 22 
~ I 
.J. A. 5 10, 10, 12, 12, 12 ................ 56 11. 2 
7p.m ..... A.H.W. () !l, 10, 10, 101, 13, 14 ............. 6G?; 11. 1 1 
5 7 p. m ...• .J.W. 13 8, 10, 10}, 11, 11, 12, 13, 13, 13½, 171 13. 1 
14½, 16½, 18, 20. J 25 12. l 
20 
5 .A.. 6 9, !l½, 10, 10, 10½, 15 ..•.......... 64 10. 7 
(i 7p.m ...•. A.H.W. 5 3¾, JO, 11, 12½, 22 ............... 59¾ 11. 8 } 
f, 7 p. m ..... .J.W. 6 ll, 11, I 5, 16, 21, 22 ............. 9(i 16 
11 14. 1 18 
8 7p. Ill ...•. A.H.W. 9 10, 10, lOt ll½, 12, 12, 12½, 13, 16 . 107½ 11. !) l 8 7p. m ...•. .J.W. 15 lU;l-, 10½, ll, 11, ll, 11½, 12, 12, 12, 185½ 12. 3 
l:l, 14, 14, 14, 15, 15. J 27 12 
19 
8 7p.m ..... A. :l 9, !)~, 13 ..... -- .••..•.••.••... 31½ 10. 5 
J"J. 11 ·o f 1. 1 F.r· u: . 
·.11,, 11 
bought. 






692 8, 570i 






• t, 1, 111 of op,ratlonl in th6 1patoning 1ca1on <>/ 1A72 at Buckaport. 
Egge. 
It. 
Remark■ • .. ..: d .a J es IC a 




11,400 9'1i Femalo very large I one or both eyes lost. 
9,200 :t Heavily milted from one male. '1,600 
'1,600 100 
9,~ 100 
11,400 100 Lar~ female. 
10,300 100 Do. 
300 95 Egg1 came hard; female auppoeed unripe , 
ancl reaened, 
700 100 Fen1ale 11mall. 
JO, 000 100 AbnnclRntl.v mlltecl. 
10,300 100 Female lar1e and yleldod egl{a eaelly. 
11. 400 87t 
'7,600 100 Milt not very plenty. 
13,000 100 
6,500 :t Milted beavll1. l,000 J,'emale appenrecl unripe, and reaervecl. 







3, 00 4U Kept In one pan anct not stirred. 
7,000 100 Stirred 5 minute■; aet in three pans. 
13,100 lUO 
i r.6) D'7i Milt 1C&Dty; atoocl in three pans. 
j, ,()() 
151 7, 0 i Stirred in one pan. 1 C) , Stlrl't'd in three ~•· 1 , 00 • 100 Femalo large f male small ; milt ROantv; 
1tirrocl 26 m nnteah tbeu watered heavily, 
ancl let stand in t ree pans. 
I O •I 100 Stood tn one pan. 
111 I 100 Uaonl way. The two following lot of egg1 
are from same flab. 
0 0 Watel't'd flret, then stood 2 minute■, then 
mllled b~rinl in water and milt from 
~ con ni~t 34. I Ult! ~ tered flrat, 2 mlnutee, then milted 
direct from male. 
Unalway. 
Female tliat wu thou,rbt unripe 
61
eaterc1ay. 
Eqe came hard, with some lood, and 
<11oe egg■ left iu flab; milt &blllldut. 
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TABLE IX.-Statement of operations in the spawning season of 18i2, ,f'c.-Continued. 
Mother salmon. Eggs. 
',,; tI>-,d 
.;:! ;::l bt i, •...-1 co ~.8 Remarks. ..; 
~~ 
~ <l:> ~ ..; -+" ell 
<l:> f.o~ .a <l:> ~] 
~ 
,.Q +-'Q bO ,.Q 
..a: s cJJ;::1 -~;a ·;;:; s ~~ 
0 ::I §•.-< p.-::::1 ~ 
::I 
P-i~ H A z ..:l ~s z - ---- - -- -----------
1872. 
39 Oct. 29 3 ------ - --.. -. - ........... 5,900 100 Well milted from two males. 
40 Oct. 29 1 .......... -------- -------· 4,400 100 
41 Oct. 29 1 .......... --··---- ........... 7,600 100 
42 Oct. 29 1 ------ ............ -------· 300 85 :Female was Atripped .yesterday; eggs _of t.his lot came with much blood; milt 
fresh. 
43 Oct. 30 ·----· -------· ------·- 3,300 100 44 l ( 900 100 Miltecl as usual: handled with care. 
45 I I 900 
95 Milted as usual, handled carefully till after 
ailhesion, the11 poured hmtvily. 
46 ► Oct. 31 J 900 100 Milted as usual, then poured heavily before -------- ........... . ' adhesion . 
j 
I 
47 I l, 500 100 ·watered immediately after milting. 48 1, 100 100 Milt taken in water. 
49 l 1,100 7J Eo-<~s • water· 4 minutes; milt. (Formulas 'or this sort indicate the t-xact order of 
procedure aud the time that elapses at 
each interval; thus in t,he o boYe in,..tance, 
the eff''S wtore taken first, then water 
was ::.t <led, tlien, after the lapse of 4 min-
utes, milt was added.) 
50 l ( 700 100 Drv method, bnt milt taken first .. 
51 I I 700 100 l\lilt; water; 1 minute; eggs. 52 500 100 Milt; water; 3 minutes; eggs. 
53 )-Oct. 31 1 -----· ........... ............ < 300 100 Milt; water; 2 minutes; eggs. 54 I I 1, 000 100 Milt; water; eggs. 55 400 0 Not milted at all. 
5li J l 2,700 100 Usual way. 
57 ! Oct. 31 { 4, 40[) 100 •Carried to hatching-house during adhesion. 58 ------ -------- ............ 2,000 100 Water; milt; stir a few seconds; eggs. 
5!) Oct. 31 ------ -------· -------- 4, 100 100 
60 Oct. 31 ------ -------· ........... 8,200 100 
61 Oct. 31 28½ ........... -------- 7,800 97½ 
62 Oct, 31 2 { 28 } ...... 14,200 100 28 ........... 
63 Oct. 31 1 :n ............ 7,600 100 
64 Oct. 31 2 { 30 } ...... 10,900 100 29 ............ 
65 Nov. 1 1 32 ............ -------- 9,800 100 
66 Nov. 1 1 28 ............ ........... 6,500 100 
67 NoY. 1 l ------ ·------- -------- 7,600 100 Stood lonir before milting or wat~ring. 
68 Nov. 1 60 ------ ........... -------- 16,300 77½ This lot comeA from a second stripping or all the females used before. 
69 Nov. 1 1 ------ ........... ·-······ 8,700 97½ 
70 Nov. 1 1 36t ............ ......... 10, !JOO 97½ 
71 Nov. 1 1 28½ -------- -------- 4,900 100 
72 Nov. 1 1 31 ............ ........... 8,200 100 
73 Nov. 1 1 27 -------- ........... 3,300 95 
74 Nov. 1 1 28½ ........... -------· 6,500 100 
75 Nov. 1 J 28,l- ........... -------- 6,500 92t 
76 Nov. 1 1 30 ·------· ······-· 6,500 92½ Milt; 10 minutes; eggs; then as usual. 77 Nov. 1 1 :m -------- ----···· 6,500 100 
78 Nov. 1 1 30½ -------- --····· ~. :JOO 100 7fl Nov. 1 1 35 -------- ·------- 8,700 97,\ 
80 Nov. 1 1 36 ------ ... ............ 13,000 100 
81 Nov. 1 1 2!l½ ............. .......... 9. 000 100 
E<2 Nov. 1 1 30 ............. ........... 6,500 100 
8:1 Nov. 1 1 29~ ............ ............ 6,500 IO'J 
84 
}Nov. 1 7,100 100 85 1 30½ ............. ............ 600 100 Milt taken from fish several hours in ad-
Vance aud kept in open dish. 
L .... f 30 :ll 86 Nov. 1 6 36 ::;, 200 100 Five males used. 13o ........... 
I :H½ j 
87 
l29½ 
:Nov. 1 35½ ......... ......... 11,400 100 After standing l hour, in two parn•, these 
eggA WPre st,ill adherent, anrl WPl'e cat·· 
rietl to hatching-house in that condition. 
(28 
88 Nov. 1 , 29 l 30,300 100 
134 r····- .......... 30 
11} 'IONER OF FISH AND FISHERIES. 
,I',"" h• the ,patoning season of 1H72, /c.-Con$ln11ec1. 
32 ·-·~· ········ 
j
,~: 
10 I : 
I 11~ )···• 91 1 34l 
1 32 








9!1 Nov. 2 
IHI Nov. 2 
~ Nov. 2 ··1 
01 Nov. 2 1 
100 Nov. 3 1 
101 Yov. 3 
102 Nov. 3 
103 Nov. 3 
104 Nov. 3 
10~ Nov. 3 
lOfl Nov. 3 
107 1 Nov, 3 










Nov. 3 1 
Nov, 3 1 
Nov, 4 J 
:Yov, 4 1 
o\ • 









:··· . 51 
H , s· u • 5 
1•7 tNov. 5 
1 • S 














37 ............... . 
27 ............... . 













286 7 11 2 2 
2!I 8 4 2 2 
31 12 10 3 2 





















92, GOO 98 
12,600 100 




Stood without milt, while eggs of 93 were 
takeu and milted. 
5,600 100 Eir:gs came bard. · 
6,500 100 Fe,nale canght at Redman's briilge and 
brought ,town alive. 
200 95 Fcrtiale bad boon used before. 
10,800 100 
4, ]00 !17i 
500 100 A spent fish that appeared to have juai. 



























































Ep:gs very small; came bard; female baa 
been kept over; 11upposed unripe. 
Egg11 came hard; fem11le was tried before, 
au,I supposed unripe. 
Female in very fine, 'plump condition; eggs 
came hard. 
Eggs came with much blood and water. 
Female caught In pond to-day and lost a 
few eggs tben. 
Had loRt a fow egga. 
Eggs; water; 2 or 3 minutes; milt. 
Eggs broup;ht down to hatoblng-bouee 
while yet stro11J1;ly Mlborent. 




MUtt,d nnd watered &11 usnal and carried to 
hatchln,ir-houee in t hour. 
Mllied but not watered until poured Into 
trou,chs after standing dry i hour. 
Milt; 5 minutes; egp;s carried to hatohing-
hoase without water. 
Milt; 5 minutes ; eggs carried to hatching• 
house with water. 
Egge; i hoar; milt; wat8r; 1 bour; car, 
ried to hatobla,c-house. 
EJr,t&; l boor; milt: 1 hour; carried to 
hatchlug-bOUle without water. 
ATKINS-THE SALMON AND ITS ARTIFICIAL CULTURE. 2 85 
TABLE lX.-Statement of operations in the spawning season of 1872, <f·c.-Continued. 
Mother salmon. 
'ai 
-~ i:: t:J) .; -..-1 Ofl i..: i~ "' ~ <l) ..=, rt~ a$ c.[).:I ..; a ·c;; ~ p i:: .... 0 (l) ~p 
H A z H ,,_...'Q -- ------- ----
1872. 
135* l 136'· 
1:n* 
~Nov. 5 138* 1 31 -------· 
139" I 
140·) 
141 Nov. 6 1 29 8 11 
142 Nov. (i 1 3D! HJ 1 
143 ---· ·----- ---- ----·- ...... . ..... 
144 Nov. 9 ..... ------ .... . .... 
145 Nov. !) 1 ------ 13 10 
146 Nov. 9 1 37 18 13 
141 Kov. 9 1 ·----- 9 6 
148 Nov. 9 ..... --- - -- --- ----· 
149 Nov. !) 1 30½ 9 11 
150 Nov. !) 1 31 10 13 
151 Nov. 9 --· ·----- ------- · 
152 Nov. 9 1 9 14 
153 Nov. 9 1 38¼ 20 8 
154 Nov. 9 ---- ·---- · -------· 
155 Nov. 9 1 ·----- 10 13 
15(i Nov. 9 l 31¼ 11 14 
157 NoY. 9 2 30± -------· 
158 Nov. 9 1 35½ 15 12 
159 Nov. 9 1 35½ 17 11 
160 Nov. 9 1 31 19 13 
lfil Nov. 9 1 37f 18 5 
162 Nov. 9 1 :101 10 10 
16:J Nov. 9 1 30¼ JO 2 
164 Nov. !) 1 :i2 13 00 
lu5 Nov. 9 1 32?i 14 !) 
166 Nov. !) 1 :10 9 7 
Hi7 Nov. 9 1 31¼ 11 4 
168 Nov. !) 1 2!) 9 12 
lti!J Nov. 9 1 30¼ 8 4 
170 Nov. 9 1 ------ 24 2 
171 Nov. 9 3 ·-------
17~ Nov. 9 2 ------ -------· 
113 Nov. 9 1 31¾ 11 7 
174 NO\", 9 1 36 16 (i 
175 Nov. 9 1 35-1; 11 rn 
176 Nov. 9 1 3ti½ 18 l 
177 Nov. 10 15 ------ .......... 
178 Nov. 10 2 ....... --------









I 1137 18B 
l!l9 ) 
190 Nov. 11 1 36½ 16 10 
191 Nov. 11 I 1 33 11 9 1!12 Nov. 11 
Eggs. 
~ 
~ "' p 






1, 100 . ------. i 1, GOO 
I 1,600 
l 1, GOO _ 
2 6 7, GOO 
2 10 7, 100 
---- ---- 4,400 
--- ·---· 2,700 
2 5 (i, 400 
5 2 14,800 
4 6 10, 400 
--- .... 2,700 
2 12 8, 100 
2 5 7,200 
------- · 1,600 
2 14 8,700 
5 12 1::l, 200 
--- ---- · 3,800 
1 13 7, 100 
2 12 8,200 
2 2 5,400 
2 12 6,000 
5 6 14, 200 
5 1 9, 700 
4 13 13, 000 
2 1l 8,500 
2 14 9, :100 
3 9 9, 400 
3 10 8,700 
2 :l e, soo 
2 11 7,600 
2 8 fl, 700 
1 3 3,300 
3 15 8,200 
2 7 6,500 
------- · 700 
2 14 8,000 
3 4 8,200 
5 1 12, 000 
3 15 8,700 
......... 28,300 
-------· 9,300 














4 10 11,400 


































































Eggs ; milt, &c. 
Eggs; water; 1 minute; rnil_t, &c. 
E_ggs; water; 2 minutes; nult, &c. 
Eggs; water; 3 rn\uutes ; m\lt, &c. 
Eg:gs ; water; 4 mrnutes; nnlt, &c. 
Eggs; water; (i minutes ; milt, &c. 
Female was killed in a rack at batching-
house dam. Eggs takeu 2 hours after 
death. 
Suntlry spent females. 
Sundr,y spent fish. 
Sundry spent females. 
Do. 
Milt rnther scant. 
Two spent females. 
Rich's Brook; fifteen li-ving females; tbre e 
t or four of them nearly full, the res 
nearly spent; one rleaf1. 
Two dcacl females from Ric.h's Brook. 
Female ripe aml goo<l; milt, about a tea-
spoonful from a tlead fish , taken befor e 
the eggs. 
Usual wily, except milt taken from ne w 
t malo that 3"iel1letl ahunrlautly and kcp 
in dippt~r until nsect-say 10 minutes. 
Sarne milt fertilized :tll the rest to 189 
iuclusive. 
Eggs ; water ; t minute; milt. 
.l<}gg-s ; water; 1 minute; milt. 
J~g:gs; water; 2 minutes; milt. 
Rggs; water; 3 minutes; milt. 
J~gg:s; water; 4 minutes; milt. 
I~g:g:s; water; 5 mi11utcs; milt. 
J;;ggs; wate1·; 6 minutes; milt. 
Eggs ; water ; 8 minutes; milt. 
Eggs; water; 10 minutes; milt. 
Usual way; was poured into pail a little 
harder than usual ; poured from four to 
five inches. 
* In tht•sp lots, which were taken at thfl s:Lm<1 timn, t,110 milt was first. talrnn in a disl1 1lry. Eggs then 
tn.kl\D, 1livitletl, a11,I wa!Pr~•I. Th,•11. aftt!l" tho lapse of ti1ne llpecitlell iu each case, the wilt poured iu 
autl eggfl stirrnil. All then !!taut! till frue.. 
1. ·ER OF }'ISH AND FISHERIES. 
/11 th, .tpavnafttg aeaaon o/1872, ,C,.-Contioued. 
Remarks. 
--------
48,900 100 Collected at Rich's and Lake's Brooke. 
2,200 0 Taken from specimens killed on 9th inst. 
1,400 52~ Brought from Rich's Brook. 
...... ........ ········ 4,000 97! 
...... ......... . ....... 1,100 35 From two dead females. 
"i ·····- •....... ........ 13,000 100 
l!'rom Rich's Brook. ...... ······· ......... 4,400 100 1 ...... ........ ········ 3,500 100 Usual way. 
l•I l· ······ ········ ........ 2,700 Experimenta. 2'.ll Nov. 14 
-":l Nov. 14 3 ······ ........ ........ 300 92i From three spent fish. '!.'.: J Now. H 1 ······ ........ ....... 200 0 Not milted. •·•• Nov, H 1 ...... ........ . ....... 9,500 !JO 
•• },J Nov. 14 ...... ........ ........ 200 90 .Eig11 kept in a pan wit.boat water 12 hours 
efore milting. 
·-·" Nov. 14 .......... ········ . ....... 200 0 M Nov. 15 .... ...... ........ ....... 400 0 From a tl11h that has been dead 15 boors. . ,_ Nov. IS ... ...... ........ . ....... 100 0 Ep:ge kept in a pan witboat water 30 honra 
before milting ; milt from male that baa 
Nov. lS 
been dead two day&. 
!2'JO ···-...... .......... . ... ... . 200 871 Egge kept in a pau without water 30 honra before miltl!f; milt fresh. 
!Z30 Nov. lS ········ ........ 500 ma Rggs from de fish. !l:Jl No\", 15 1 ...... ........ ........ 10,500 95 From Rich's Brook. 
!132 Nov. 15 ·•• :. ...... ........ ........ 250 !Jl Picked f1·om bottom of Rich'• Brook. 
!l3a Nov. 16 ••• ■ •••••• ........ ........ 200 Picked np trorn brook near hatchlng,houee. 
!134 Nov. 16 . ... ....... ........ ········ 300 75 E{~:;~lifi:JV:1tl:eeh1~f~~ wawr, aDd 
23.'i OT, 16 
}· r· ........ 7,0GO 100 Usual way. !l36 Nov. 16 .... ········ i to ........ 1,000 Experiments. 24!\ NoY, 16 
!246 Nov, 16 .... ...... . ... . ... ........ 700 !JO From Rich's Brook. 
!H7 Nov. 16 .......... ········ ........ 1,000 0 Do. 248 Nuv. 18 .......... . .... ... ........ 80 0 Egge kept four dan without water, tbeo 
wilted with mil& f1-om dead fteh. 
249 Nov. 18 ... .. ...... ........ ........ 50 0 Eggs kept four days without water, tbeo 
milted with mlh 'kept font· days. 
250 Nov. 18 ... .. ...... ........ ........ 100 1!2t Egg11 kept four dayi, without wa~r, then 
milted with new milt. ~· Nov. 18 ... ... ..... . ....... ........ 300 30 Egg!! from dead fish. l 0.! Nov. 19 ... ....... ........ ........ 100 52i 
'•I Nov. 10 
··+···· 
........ ........ 150 12l Egge taken from dead fish yeaierday ; mil~ 
new. 
~ 200 0 Not milted. 
200 0 
1 •••••• 3,300 721 ~fem~twith more water than uenal. ...... ........ . . ...... Ml() 0 
1,560,044 
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TABLE X.-Experiments in transportation of salmon-eggs, from Bucksport, Me., to Winches-
ter, Mass. 
[Tltese e:zgs were sent in small lots, by express, and received the common treatment of article trans, 
ported in that way, tlrn battered condition of the boxes often attesting the rough way in which they 
}lad been handled: All except the last lot were packed on disks of mosq uito-nettinp:, sewed on to brass 
rings, in alternate layers, with wet bog-moss, in tin boxes, and the lattet· were inclosed in larger tins, 
the space betweeu , ½ inch to l inch, being filled with sawdust. In some cases, coarse paper was wrapped 
in several layers arou11d the whole parcel. The packages left Bucksport on the steamer Katahdin, and 
generally reached their destination the following day. Being exposed to a severe temperature on sev-




















































50 Dec. 5 38 dayP. .. 
50 Dec. 5 34 days .. 
50 Dec. 5 30 days .. 
50 Dec. 5 26 <lays .. 
50 Dec. 5 21 da,rs .. 
50 Dec. 9 42 days .. 
50 Dec. 9 38 !lays . . 
50 Dec. !l 34 d4ys .. 
50 Dec. 9 :io days .. 
50 Dec. !l 25 dal'S .. 
50 Dec. 17 50 days .. 
50 Dec. 17 46 days .. 
50 Dec. 17 42 1lavs .. 
50 Dec. 17 38 !laj•s .. 
50 Dec. 17 33 1lays .. 
50 Dec. 24 57 davs .. 
50 Dec. 24 53 da\·s .. 
50 Dec. 24 49 days .. 
50 nee. 24 45 days .. 
50 Dec. 24 40 da_rH .. 
100 Nov. 14 17 days .. 













9 days .. 
2 days .. 
¾hour .. 
2:3 days .. 
19 cla:ys .. 
15 days .. 
100 Nov. 20 11 days .. 
100 NoY. 20 I 6 clays .. 
50 Nov. 21 24 clays .. 
50 Nov. 21 20days .. 
50 Nov. 21 16 clays .. 
50 Nov. 21 12 days .. 
!iO Nov. 21 7 da:,,s .. 
::;o Nov.25 28days .. 
50 Nov. 25 24 days .. 
50 NoY. 25 20 days .. 
50 Nov. 25 16 clays .. 












Jan. 7 71 days .. 
,Tan. 7 
1 
71 days .. 
,Tan. 7 I 67 <lays .. 
,Jan. 7 G3 1lays .. 
,J au. 7 I ;,!) <lays .. 
,Jan. 7 71 <l:ws .. 
Jai1. 7 <i7 ,1a:vs .. 
Jan. 716:l ,lays .. 
Jan. 7 5!l <lays .. 























































State of development. 




........... ···•·· ........ 45 
·E~b~y~-~~~~~~-j~ik·:::: 3~ 
...... do ................. 17 
Embryo covers½ of yolk. 35 
Embryo no~ expanded. . . 38 
Heart beatmg. . . . . . . . . . . 0 
Embryo covers yolk . . . . 0 
...... do ·................. 1 
Ernbr,yo covers 4-5 of yolk 21 
Embryo covers t of yolk. 1 
.•••••.•••••.••••..••..••. 0 
-··· .• ·•·•••·••··• .•...••. 0 
. - .................. - - . .•. 0 
Embryo covers yolk .... 18 
. ..... do ...... ...... . .. . 4 
Embryo expanding ..... 100 

























~ Package frozen badly. 
j 
l 
l :Frozen so that the moss was 
i all stiff. 
J 
j Package inclosed in paper, 
J 
whicll protected against 
cold, and against the jar 
of rough handling. 
l Some frost in the box. 
j 
~7 97 ( 
~~ ~~ S Nearly all died afterwards. 
Embryo covers 4-5 of yolk 
E 111 bryo covers ¼ of yolk 





21 I 21 





44 88 Emhryo covers whole 
yolk. 
I~mbryo covers½ yolk ... 42 








...... do ....•............ 31 
·----- •••••· ······- .... ••. 5 
.... , ................... · - 23 
2 rPacked witll moss on wire 
l trays, and inclosed in saw-
4-½ dust. 
.........••..••........... 211 
.•.••• .••••• •••••• .••..••. 0 
···••• .•.•.•.•.... - ••·•·•· 2 
.••. •. .•.• .. .•.•••.• •. . . • . 0 
...•..................... . 35 
•••••• .••••• .••••• .•...•.. 5 
42 J 
0 ) 
4 I Packerl in tins as usual, in-
0 >· cloRed in sawdust and pa-
70 I per. 
10 J 
-; The r.xcni-sive mortality in the e<YIYS belon<Yin<Y to lot 175 I attribute in part to their being in an un-
healtli.,· state. 
00 0 0 
Ill " r O( •.; J', , I .;I. 
Party reoelrln1, -------------.-----1~~1-:!!:~ 
Own ac A.l:;»t\ t ba Total. Percent- Amount. tributed. 
count. st!tea.e age. 
Maine • ••• ••• ••••••• •• • • • • • • • 7f, 000 
Now Hampehlre ••••••••••••••••••••••. 
Tt•rmont ................... . 
Maaaaohneette............... 20i. 000 
JthO(lu Ialand • • • • • • • • • • • • 90, 000 







William Cllf't.. •••• •• •• • •• • .. 64, 000 ........... . 
Ntiw York................... •••••••••. 80,000 
NewJen,ey •••••••••••••••••• •········· 
J>eunaylvanla .••••• ,- .................. . 
Ohio ........................ . 



















































lu " hat , l• , ell Ir I u , 1I 
Penobscot River an1l tributarlee, 67,000; Saint Crols I' 
droacogglu and tributaries, 130,000. 
'Merrimac an«l tributari&1. 
Winooski and Lamoille Rivera. 
Merrimac River, 165,000; Mystic River, lt,000; Red Brook, 11,Qr ~ 
Blackstone, Pawtnoket, and Pawoat.uok Rivera. 
Saugatuck River, 4,500; Southport ltiver, 4,500; tributarle1 of the ( '.,11111 r 
ticut River, 115,000; Myatio River, 5,000; tributarid& or Tbame11 Riv , r, 
10,000; Honea tonic River, 70,000; stream at North Branford, 35,000. • 
Peat Wig Creek and Ingleeby Creekktributaries of tho Hudson, M,000; 
Beaver Creek, tributarl to Salmon iver, Oswego County, 15,UOO; Gla1& 
Hoose Creek, Cayuga Connty, tributary to Oswego River, 15,t,OO. 
'.rributary of Delaware River, 18,000; tributary of Raritan River, 18,000; 
Long Island, 3,000 • .t-
Dela ware River. 
Cold Creek, tributary to Sandusky Bay. 
Kalamazoo, Saint J osepb, Grauel, Mneke5on, Manistee, Au Sahli\ Rivera, 
1!!u;m6:fii:: lak1:s~rs; Orchard, Walle(, Whittemore, Diamond, and a 
Wlsconaln ............................ . 40,000 
627,800 
40, OO(I 521 21,000 19, 000 Monomouee River, 7,000; Oconomowoc Lake, 1,000; Milwaukee River, 
•rot.ala • .. .. .. .. .. .. • • • • 614, 000 
-----1------1 11,000. 
1, :.?fl, 800 I 29. 4 365, 800 876, 000 
• Tho 11urua of the flab reported dtetribnted in tho aevernl etroame in Connecticut. and New Jersey exceed the oompated number in the preceding column; tho diBCrepanoy 
may ban, arieeo from ao e1Tur 1n oouuting out the ,)'ouog fl.sh, whicl? C1U111ot be done accurately without a deal of labor. 
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D-LOCAL HISTORY OF SALMON AND SALMON-FISHING 
IN NEW ENGLAND RIVERS. 
1.-GENER.AL O:BSERV .ATIONS. 
, The. sea-going salmon of eastern North America, Salrno salar,. Linn., is 
native to nearly every river tributary to the Atlantic north of the Rud-' 
son. If we apply th~ term "river" only to strea!ns of fresh water of suffi.; 
cient size to afford full-grown salmon ample room to move and lie. in· 
during the summer drought, we shall find that the only exceptions to the 
former universal prevalence of the· species within the district named 
are those rivers. that do not contain suitable breeding-grounds, or whose 
breeding-grounds are inaccessible to· salmon hy reason of the interven-
tion of impassable falls between them and. the sea .. 
In all rivers frequented by them they are found successively in all 
parts from the mouths upward,their migrations extending nearly to the 
head-waters both of the main rivers and their tributaries, always with 
the same limitatio·ns mentioned_ ·above as to the presence of breeding-
grounds' and their accessibility. To this statement, however, there ap -
pears to be one important exception in the case of the Saint Lawrence; 
Such evidence as i . have been able to gather relating to the migration 
of salinqn in this river tends to the conclusion that few, if any, ascend 
it so far as Lake Ontario, and that the salmon inhabiting that lake and 
its tributaries make the lake their sea and the limit of their downward 
migrations.* Though extensive salmon-fisheries are carried on on both 
sides of the Saint La"'.'rence below Quebec, the capture of a salmon in 
that part of the river above Montreal appears to be a rare event. In 
the· lower 'tributaries of that river the migrations of salmon are precisely 
similar to those observed in rivers emptying clirectly into the sea, and 
extend to all accessible upper waters ·whe~e suitable places for the de-
posit of their eggffare to be foun~l. 
'fhe resear_ches of which the results are embodied i~ the following notes 
did not extend to any rivers beyond the limits of the Unite4 States. It 
will be seen that nearly every river, from the eastern border to the Housa-
tonic, is known to have been formerly frequented by salmon, and it is not 
unlikely that the list would be iQcreased by the addition of quite a number 
of minor streams were the history of the latter kn,own. Of the twenty-
eight salmon rivers mentioned below, lying wholly or in part in the United 
States, there are barely eight where salmon are now :r:egular visitors. These 
are the Saint Johns, Saint Croix, Denny's, Little Falls, (a small stream 
in Edmunds, Me.,) East Machias, Wescongus, Penobscot, and Kenne-
bec. They are sufficiently numerous to support a regular .:fishery in the 
.,. There is also some doubt about the migration of the saiµion formerly inhabiting 
Lake Champlain and its tributaries. Further research is required on both these 
points. 
S. Mis. 7 4-19 
.. ) r ,J 11 1 01' OlUII, . TONER OF nsII AND FISHERIES. 
int ,I 1 11 • : nd i , larger tributary, the Aroostook, Saint Croix, Den-
1 1 , l c·• t and Kennebec. Beside the rivers regularly visited by 
i1 11 , ti, · : r.' occasionally observed in the Machias, Narragnagns, 
1 , p --1· •t , .. ndroscoggin, Presumpscot, and Saco; but in all these, as 
\ J ~ 1 he remaining fifteen rivers, the ancient brood of salmon was long 
iognished, and the rare specimens occasionally observed must 
., rded either as strays from some of the better-preserved i;ivers, 
,1 l) -returning members of the new broods established by arti-
Ji •i;1 l culture in several rivers. The latter appears to be the most 
p1 l able explanation of tbe recent occurrence of salmon in Southern 
cw England. 
The clisappearance of salmon from so many rivers appears to have 
been entirely the result of artificial causes, chief among which is the 
obstruction of the way to their breeding-grounds by impassable dams. 
Excessive and ill-timed :fishing has had a due share of influence in de-
pleting the original supply and in preventing its speedy recovery in 
cases where other circumstances were favorable, but, unaided by the 
formidable works of the manufacturer, the fisherman's nets and spears 
and pounds would hardly have sufficed to extinguish the brood of sal-
mon in a single ri\"er. Commonly these two classes of destructive agen-
cies co-operated. The dams held the :fish in check while the fisherman 
caught them out. This has been the case for many years, and is. the 
case to-day with the Saint Croix, Denny's, Penobscot, and several others, 
where, though impeding the ascent of salmon, the dams have not wholly 
prevented it. There are, however, other rivers, where the dams alone 
would have sufficed to exterminate the species. As instances may be 
mentioned the Androscoggin, Saco, and Merrimac, where the dams so 
completely exclude salmon from all suitable spawning-grounds that, 
without the intervention of any other agency, they would have ex-
tinguished the broods that naturally frequented those rivers. 
2.-TRffiUTARIES OF THE SAINT JOHN RIVER. 
Salmon ascend the Saint John as far as Grand Falls, where they find 
an impassable obstacle to their further progress. Nearly all the trib-
utaries below this point, on both sides, were originally frequented by 
them, and in these their spawning-grounds are supposed to have been 
mainly situated. The complete closing of some of these tributaries by 
dams, and the partial closing of others, has tended to the decrease of 
the species. But large numbers are still found in the main river and 
such of the tributaries as are accessible. Of the tributaries lying partly 
in the State of Maine, the Aroostook, Presque Isle, and Meduxnekeag 
were naturally frequented by salmon. With regard to the Aroostook 
and Meduxnekeag, there is no doubt of their having ascended both 
streams beyond the border-line. Such was probably the case with 
the Presque Isle Ri\"er, as is assumad by l\Ir. Venning, inspector of 
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fisheries for New Brunswick and Nova Scotia,* although I haye not 
succeeded in obtail'ling direct testimony to the fact. 
Aroostook River.-The ascent of salmon is seriously impeded by a natu-
ral fall, known as" Aroostook Falls," about four miles above the junction 
of the river with the Saint John, and just within the borders of New 
Brunswick. So great is the difficulty. of ascent that in Perley's report 
on the fisheries of New Brunswick in 1851 it was stated that no salmon 
ever passed it. It appears that he was by no means correct, although 
it ma.y readily be believe cl that a small proportion of the salmon that 
come to this fall succeed in surmounting it. The banks of the river 
here approach each other and form a narrow gorge; down this the 
water rushes swiftly for three-quarters of a mile, and at last makes a 
perpendicular plunge of fifteen feet, into a broad smooth basin o,n a 
ievel with the Saint John. In this basin the salmon naturally accumu-
late while hesitating to attempt the fall, and many are there. speared 
by torchlight. Near the most difficult part of the fall is a little pool 
of still water into which salmon frequently drop exhausted, and stay a 
short time to rest. At favorable stages of the water it is said that 
more salmon are caught in this little pool than in all the rest of the 
river.t 
Above Aroostook Falls, the river is smooth and gentle for many 
miles, and the facilities for taking salmon are consequently poor. .A 
few are, however, caught with nets and spears all along. The number 
of nets is very small, nearly all the fishing being done with spears. 
There are no artificial obstructions on the main river, and salmon can 
run quite to its headwaters. They have been caught a hundred miles 
above its mouth. Their favorite stream in old times was the Big Machias. 
A dam built near its mouth about thirty years ago shut the salmbn out. 
almost completely, but occasionally one leaps the dam. From the 
tributaries below this point they are likewise shut out by dams. In 
Presque Isle Stream and Salmon Brook they were formerly abundant. 
The data at my command do not furnish a sufficient basis for an 
estimate of the number of salmon caught on the Aroostook. One cor-
respondent estimates that in 1873, which was the best year for a long 
time, 125 were caught within two miles of Caribou. Another says that 
in the vicinity of Salmon Brook and Ma~hias 200 were speared the 
same season; and that one net just above Fort Fairfield took eleven in 
one night. Three years ago the fishing is thought to have been at its 
lowest ebb. 
The average weight of the salmon caught in the Aroostook is estimated 
by one correspondent to be ten pounds; by another twel ,Te pounds. 
Grilse are occasionally seen, but not often. They are caught in August. 
The first run of adult salmon reaches Caribou and Castle Hill about 
the first of July; their appearance at Aroostook falls is said to be from 
" Annnal Rcpt. (Canadian) Dept. Marine and Fisheries for 1869: p. 79. 
+ Letter of F. l\I. Everleth. 
2. :! tlPO :l 1 0 1' COMMISSIONER OF FISH AND 1tISHERIES. 
ti II i,h 1, of June to the .first of July. The main run reaches Caribou 
, 1t Julr 20 and the last run the last of August. 
1, 111,, n·ekea~ River.-In 1816 salmon were very plenty on this river in 
1 • , idnity of Boulton. They continued so until 1826, when they were 
1 ut out by dams that were built across the stream at different point,s . 
• · 11 w1• that time few have been caught above Woodstock, -where the 
fir obstruction is encountered. Alewives also formerly frequented 
bi river, and have shared the fate of the salmon. A fish-way was built 
over the dam at Woodstock in 1868, and both salmon and alewives are 
reported to have passed through it the following year.• 
3.-SAINT CROIX RIVER. 
This riYer once yielded large numbers of salmon. The principal fish. 
ery previous to 1825 was that carried on at Salmon Falls in Calais, a 
short distance above tide-water. The whole river is here compressed 
into a narrow and steep passage, which, although difficult, was in its 
natural state surmounted by great uu m bers of salmon, shad, and alewives. 
There were several side-channels into which the fish crowded in order 
to avoid the furious current of the main channel, and here they were 
easily taken with dip-nets. The following statements, reported by 
Perley, illustrate the abundance of salmon. A boy of fifteen bas been 
known to take 500 salmon at these falls with a dip-net in a single year, 
and a man has taken 90 to 100 salmon two days in succession in ~he 
same mode. Another man, standing on a jam of logs a short distance 
below the falls, took 118 salmon in one day. Such occurrences do not 
appear to have been common, and afford no basis from which to com-
pute the total yield. 
Above Salmon Falls t,here has been very little salmon-fishing done at 
any time. The extent of the range of salmon on the upper waters at 
that tiine cannot be now ascertained. I have it from an intelligent 
Indian of the Passamaquoddy tribe, Piel Toma, who lives near Prince-
ton, that fifty years ago they were caught at Grand Lake stream on the 
west branch. The Indians call the sea-salmon Pl-lahm, in distinction 
from the land-locked salmon, which they call Tag-e-wah-nalvn. 
Dams were built on this river probably a century ago, but previous to 
1 · - they were al1 provided "1'ith ways for the passage of migratory fish, 
of such a character that the <lams did little or no harm to the fisheries. 
Dnt in 1825 the Union dam in Calais was built, and remained for man_y 
without an adequate fish-way. Being situated in tide-water, it com-
1111· ·l. shut out from their breeding-grounds al1 the migratory .fishes, 
l such as could surmount it at high water, in exceptional1y high 
t i• ,, . That this was occasionally possible with salmon there is no 
doubt. But so long were the fish kept in waiting for a favorable oppor-
Le f, 1 of T. P. Packard, J. R. Weed, Bernice Royal. 
nnual Rept. (' 'anadianJ Dept. Marine and Fisheries, for 1870, p. 289. 
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tunity to ascend, that they were too much exposed to be taken by the 
spears and nets that were constantly plied both within and without the 
lawful limit, and they rapidly diminished in numbers. In 1850 it was 
estimated by Mr. Perley's informants that the number of salmon caught 
on the whole river <lid not exceed 200 yearly. From that time for fif. 
teen years the catch remai.ned very small; some seasons it was estimated 
to have been only about 100. In 1866 and 1867 there was a marked in-
crease, and at the present time the salmon appear to be gaining in mun-
bers. 
In 1869 fish-ways were built over the dams at Union Mills and Baring, 
which were the only ones on the lower part of the river that were with-
out suitable provision for the passage of fish. The dams at Milltown 
were built out from either shore obliquely up stream, and, at the point 
of meeting, a gap several feet wide answered the purpose of a fish-way 
admirably except when choked with logs, a contingency not seldom 
occurring. The :fish-way at Union l\1il1s was built after a design by the 
late N. W. Foster, who was chairman of the State board of commis-
sioners of fisheries in 1867 and 1868. Alewives were seen passing up 
through this fish-way in great number the first season it was opened, 
and salmon a.re supposed to have accompanied them, quite a number 
being seen above that point. The dam at Baring was passable not 
only by means of the legal 1h.;h-way, but also by a broad stream of water 
that was allowed to run around one end during all the early part of the 
fish season. In 1873 salmon were seen at Vanceborough on the east 
branch, and one was hooked there by Mr. Commissioner Stanley. The 
l1am at Vanceborough and also that at Forest City, twenty miles above 
on the same branch, were also provided with fish-ways in 1869; and the 
only <lam on the riYer now without a fish-way is that at Princeton, on 
the west branch. 
The aboriginal mode of catching salmon was with the spear, and this 
implement was sti11 in use near the lower dam in 1850. The whites use 
dip-nets on the falls, drift-nets on the rapids wherever the bottom is 
smooth enough: and weirs in the tidal parts of the river. The dip-net 
has not been much used since salmon became scarce, but until very re-
cently dip-nets have been used with fatal effect just below the Union 
Dam, in Calais. ...Weirs are built at several points in tide-water. Since 
1860, they have increased in mimber. At the present time there are 
built six or seven of all kinds. Mr. Lewis Wilson, who has built a weir 
on the American siue of the river since 1850, has given me much v~ln-
able information. From one of his letters I extract the following: 
"The yield of salmon, judging from the production of our weir and 
what I hear, is very irregular, five times as many some yea.rs as in others. 
I estimate the range in different years from 100 to 500, averaging perhaps 
300 or 350 annna11y. I think they are rather on the increase, compar-
ing our catches latterly with those fifteen or twenty years ago. Though 
we take only about the same number that we formerly did, or a slight 
1•J-'J'11RT OF COlDIISSIONER OF FISH AND FISHERIES. 
irw t·;i .. then there was no weir to interfere with ours. For the last ten 
. r .. or so, there has been a weir a mile or two below ours, w hicb probably 
,limioishes our catch from what it otherwise would be. Last season 
hn were below the ' ledge' three weirs of the kind which retain the 
fish at high water, and three or four half-tide weir& above the ledge, two 
of which, of each kind, were on the American side. For several years 
previous there were none on the eastern side. .And from about 1850 to 
to 1800 our weir was the only one of the kind on the river. Prior to 
that for a number of years there were none. 
"The principal fish caught in them, more particularly in ours, naming 
them in the order in which they first come, though the different kinds 
run into each other, are herring, codfish, alewives, salmon, sea-shad, 
(but very few river-shad,) a kind of sea-alewife called blue-back, and 
formerly small mackerel, but of late they seem to have forsaken the 
river. Many other kinds in smaller quantities, but all help to make 
fares. Salmon and alewives pay the be'St. The latter has increased a 
hundred fold, I think, in the last ten years. 
"The salmon run larger. someyears thaninothers, perhaps an average 
of two pounds in weight. Last season they ran large. With regard to 
grilse my information is confined to our weir; we occasionally catch 
what we call young salmon, perhaps three or four a year, weighing 
about three to five pounds. We also catch another kind, about the same 
number, which were called grilse by those who fl.shed here before us, 
but which I think is a species of trout, unlike the young salmon, weigh· 
iog perhaps from one to two and one-half pounds; large head, lean body, 
dark color, and very inferior to young salmon for food ; some of these 
have spawn. Twelva or fifteen years ago, more or less, l\Ir. Upham 
Treat, of Eastport, put several salmon, perhaps ten, from our weir into 
Shattuck's Lake, in the lower part of this town, the outlet of which is 
in the upper part of Robbinston. One season several years afterward, 
(I cannot recall dates,) we caught more salmon than in any season be-
fore or since-more than our usual proportion, compared with those 
caught at the head of the tide, as far as we learned, and of an unusual 
uniformity in size. Our theory at the time was that they were the off-
spring of Treat's salmon; that the stream being too small for them to 
enter, and they not being inclined to go up the river, they dallied about 
in that vicinity and got entrapped." 
The weir built by Mr. Wilson consists of a " hedge " and two inclos-
ures, the " big" nnd u little" pounds. The hedge runs from the shore 
out to the entrance of the big pound, and is macle of stakes, brush, and 
net. The big pound is about sixty-two feet long and thirty feet wide, 
and its entrance is sixteen feet wide. It is of the same material as the 
hedge. lfrom the big pound the fish pass through a passage-way, nine 
inches wide at the bottom aud fourteen at the top, into the little pound. 
The little pound is circular in shape, about fourteen feet in diameter~ 
L. , a board floor raised several feet abol"e the ground and walls of net-
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ting. The pounds are near low.water mark, and at high water of ordi• 
nary tides the floor of the little pound is sixteen feet under the surface. 
The distinguishing feature of this weir, when compared with those built 
on the Penobscot, is the position of the second pound, which is on the 
lower or down.river side of the first pound; on the Penobscot it is 
always on the upper side. 
Mr. Wilson bas furnished a statement of the catch of salmon in bis 
weir for the last ten years, together with some explanatory remarks 
which are herewith submitted : 
"With regard to the number of salmon· caught here last summer and 
how it compares with other years, owing to the operation of the fish• 
Jaw, there seems to be no basis for an intelligent estimate. The prohib• 
ition covers nearly all the fishing.ground at the head of the tide wl1ere 
most of the salmon used to be caught, and but comparatively few are 
caught there now unless by stealth. I can inform you how our number 
compares with other years, but how much, if any, this number is in• 
creased by salmon falling back, that would have been caught at the head 
of the tide were there no restriction more than heretofore, I have no 
grounds for even a guess. That some drop down is quite certain, for 
we have caught several showing unmistakable marks about the gills 
of having been meshed, when nets were used only at or near the head 
of the tide. 
"During the last ten years our 'catches' have been as follows, the 
place and plan of the weir the same every year: 
Year. No. of salmon. 
1864 ...................... . , 30 
1865....................... 27 
186G _ ....... " . . . . . . .. . . . . . . . 109 
18G7. . . . . . . . . . . . . . . . . . . . . . . 104 
1868 ....................... 93 
Year. No. of salmon, 
1869...................... 22 
1870. . . . . . . . . . . . . . . . . . . . . . 35 
1871 .... ······ ...........• 117 
1872...................... 55 
1873 .................... __ - 84 
"In 1871 and 1872 we observeu the two weekly close-uays to July 15. 
The other two weirs, one on each sid~ of the river, two to three miles 
l,elow ours, have caught eacb, I estimate, nearly a·s many as we have. 
~rlte several half.tide weirs may have caught not to exceed a half dozen. 
I can make no estimate of the number caught at Union Mills. the 
bead of the title. If I could it would be no test, as there would be no 
clew to the number diminished by the protective law. 
"The average weight of the salmon we caught in 1870 and 1871 
would not exceed 10 pounds each, about 9z pounds according to our 
accounts; in 1872 aud 1873 about 122 pounds." 
4.-DENNY'S RIVER. 
Salmon abounded in this riYer in its primitive state. The Cathance, 
tlle principal tributary, was more frequented by them than was the 
main river above the mouth of the former. But the Cathance has 
been utterly clo:-;ed up by darrrn, and for some years subsequent to 
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1 o .111 impassable dam was maintained on the main river a~out a 
m l1· above the bead of the tide. As a natural result the salmon 
rn1•· comparatively scarce. A sufficient breeding-ground, however, 
1 1111 ined open to them to prerent their utter extermination, and 
th · have continued to frequent the rirnr in fluctuating numbers until 
tho· pre.sent time. In 1858 the impassable dam on the main river fell 
into disuse, and for a dozen years presented no obstacle to the ascent of 
fl.sh. Since the river was th us re-opened, the principal hinderance to the 
increase of salmon has been the unreasonable persecution that they 
have received at the hands of a lawless class of citizens·. So unrelenting 
bas been the pursuit, with set-nets, dip-nets, spears, stones, and clubs, 
that, in spite of the improved facilities for ascending the river, there 
has been no marked increase. 
Salmon in the earlier stages of growth have been observed in the 
Denny's much oftener than in rivers farther west. One observer 
who has been familiar with the river and its fisheries for many years, 
says that in his boyhood, when salmon were plenty, he and his comrades 
used to catch both salmon-smolts, • from ft ve to seven inches long, and 
parr, in great numbers. One or both of these are also now caught at 
Dennysville by anglers, but in less numbers than formerly. Grilse are 
sometimes taken in this river, but are not abundant. Mr. Lincoln says 
that among thousands of salmon caught there that came under his own 
observation, there were only five or six grilse. Even at this rate, how. 
ever, they appear to be more plenty than in the Penobscot. The average 
size of the adult salmon in 1873 Mr. Lincoln estimates to be about ten 
pounds of the preceding year. 
The total yield of Denny's River for 1873 is estimated to have been 
one thousand salmon. It was somewhat larger than in 1872. They 
were caught, as they have been for many years, in set-nets, at the narrows, 
in tidal water, a short distance below Dennysville village, and with dip-
nets and spears in the vicinity of the dams. The number of set-nets 
employed is ordinarily ten or twelve. They are simple straight nets, 
forty feet long and about six feet deep, and ta.ke salmon by meshing 
them. When set they run from the shore obliquely down stream, making 
an augle of about forty-five degrees with the shore, the upper edge of 
an eddy being a favorite place. They are fastened to the bottom, and 
being only six feet high the tide covers them completely in two or three 
hours after it begins to fl.ow. The salmon are supposed to ascend with-
out any hinderance from the nets during flood tide, but on the ebb they 
are thought to drop back into the eddies and get caught in the nets. 
t ter of Benjamin Lincoln. Mr. L. says: "We used to catch great numbers of 
what we boya then called young salmon, little fellows from five to seven inches long, 
with little silvery scales like a miniature salmon, and also a little fellow with red 
spot.a and barB, like a trout, only light.er colored; these we also called young salmon. But 
;1 the salmon have decreased with us I notice that the boys catch less of these." 
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This is the only river in New England, except the Narraguagus, where 
fly-fishing for salmon has ever been practiced. In 1867, and for several 
years before and after that date, several gentlemen from Portland and 
Boston fished it for some weeks each season, and met with fair success. 
Salmon are caught occasionally near Eastport, and these are probably 
Denny's River salmon, although it is quite possible that they are to be 
referred to the Saint C1·oix or the Saint John. It is stated on good au-
thority that the drift-net fishery for salmon outside the harbor of Saint 
John extends very far toward Grand Manan1 the boats and nets of the 
fishermen being sometimes swept by the tide in a single night quite to 
that point, and som~times catching salmon there. The salmon caught 
near Eastport are mostly taken in the herring weirs. Capt~ U. S. Treat, 
who has fished here since 1841, has sometimes taken as many as thirty 
salmon in his weir; in other seasons but a single salmon. He once took 
one in January, and found it to be in perfect condition. The same gen-
tleman bas found in the stomachs of salmon caught here herring five 
inches long.* It also occasionally happens that salmon are taken on 
the books of pol1ack-fishermen. These hooks are baited with herring, 
and kept near the surface of the water. 
5.-LITTLE FALLS RIVER. 
This is a very small river near the Denny's. It lies wholly iu the town 
of Edmunds, rises in a small sheet of water called Edmund's Lake, and 
is not oYer ten miles in length. Salmon ascend it eyery year. It .has 
been observed that they enter it from the salt water of Cobscook River 
in the fall, and competent observers think that this is their ordinary 
course, very few of them entering the stream in earl_y summer at the 
ordinary season for the ascent of rivers. That they breed in it is at-
tested by the common occurrence of salmon-parr. They appear to be 
increasing in numbers. 
6.-0RANGE RIVER. 
Salmon once frequented this river, but it does not appear that they 
were ever very numerous. Three dams near the mouth of the river cut 
them off from all breeding-grounds, and they were exterminated. In 
1870 several hundred young salmon, hatched from eggs obtained from 
the Canadiau establishment at Newcastle, Ontario, were placed in this 
river. In October, 1873, a single salmon was caught at the lower dam 
and pla~ed in the river above. Tliis is the only specimen seen for many 
yearR. The dams are all proYi<led with fish-ways for alewives, and 
through them it is probable that salmon would ascend at the proper 
season. 
7.-EAST MACHIAS RIVER. 
Though better adapted, by its extensive lakes and gentle current, to 
~e production of alewives, this river has always afforded salmon, and 
'"Captain Treat formeL·ly carried on the salmon fishery at Cape Jellison, Penobscot 
Bay, l.ut never fonrnl fish in their stomachs, nor anything else that he recognized. 
.. ,11 . ISSIONER OF FISII AND FISHERrns. 
1 1111 •t 1 · h1•, are Haid to ha Ye abounded. Owing to the exertions of 
11. 1.1 '. Foster, of East Machias, both alewives and salmon were 
1,r, •·• ,,1 from destruction which almost overtook them about 25 years 
:i "' • Several dams had been built on the river, and the fish-ways allowed 
10 ,tll out of repair. Mr. Foster introduced some improvements in the 
Ji 11,-ways, and prevailed upon his fellow-townsmen to have them kept in 
order and the laws protecting the fish enforced. A gratifying increase 
rewarded these efforts, but Mr. Foster was never able to carryout fully his 
plans of improvement. Some of the fish-ways remained defective, and 
the greed of the fishermen took too great a· share of the ascending fish. 
There was never, therefore, a complete recovery of the fishery from its 
depletion. 
Salmon-parr are frequently caught with the book in Chase's stream 
near the outlet of Gardiner's Lake, and it is inferred that in this stream 
the adults are accustomed to spawn. No information has been received 
as to the number of salmon taken in the river recently. S~veral years 
since it was estimated at 50 adult salmon annually. Smolts are occa-
sionally taken in the winter by dip-nets, along with tom-cods and smelts. 
s.:....MAcnus RIVER. 
Tliis rfrer, unlike the East Machias, has a small exteut oflake surface, 
and is not so well adapted to the growth of alewives. For salmon, 
however, it appears to be much the better stream of the two, and this 
species is described as having been in old times extremely abundant. 
There was no market for the surplus, and a ten-pound salmon could 
be had for fifty cents. Even as late as forty years ago, they are said to 
have been as plenty as that. A man with a dip-net could take 60 salmon 
in a day at the lower falls. As in other cases, insurmountable dams 
were built, and salmon disappeared from the river. For twenty years or 
more, not one was seen. A weir built for alewives in 1870 and several 
preceding years never caught a salmon. In 1873, however, they re-
appeared in considerable numbers. They were first observed in the sum-
mer at the ordinary season, below the dams, in the tide-water. Not 
many were seen at that time, and it is not known that any passed up 
into fresh water. In September and October they appeared in larger 
nnmbers,and made great efforts to pass the lower falls. Many of them 
succeeded, and some were taken with a dip-net below the dam, and 
placed above it. The fish-warden observed that part of these salmon 
were "book-bills," and part were "round-nosed," from which it may be 
inferred that the sexes put on their <listinguishing marks even when kept 
in salt or brackish water.• 
There are three dams on the Machias River. The first, at Machias vil· 
lage, at the head of tide-water, is not impassable. The second, also 
at llachias, is a high dam, and completely stops the ~scent of fl.sh. It 
was pron<led with a Foster fish-way some years ago, but there being 
Letters ot· M. H. Wilder, esq. 
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very few alewi\7 eS in the river and no attempt having been made to in-
trodnce salmon, the fish-way was neglected, and went to decay. The third 
darn is at Whitneyville, five miles above the first This is also too high 
for salmon to pass. It was provided with a fish-way at the same time 
as the second dam, and as in that case the structure became useless by 
neglect. 
D.-WESCONGUS, OR PLEASANT RIVER. 
A.bout sernnty-five salmon are, it is estimated, caught in this river 
yearly. Iu 1872 the high state of the water enabled a greater propor-
tion than usual to pass the lower falls at Columbia, where they are 
usually caught, and reach their breeding-grounds. The catch of that 
year was consequently Eght. They are taken altogether with dip-nets, 
the use of other nets being forbidden by law. One is now and then 
caught six or seven miles below Columbia Falls, in some one of the 
weirs bnilt for herring in the estuary into which the :river flows. The 
fishing at Columbia Falls begins about the middle of June and lasts un· 
ti1 September; by this time their quality here has deteriorated so that 
the inhabitants do not consider them edible, and take more pains to 
give them a passage up the river. They are not supposed to ascend 
the river more than six miles, where all, or nearly all, of them are 
stopped by difficult falls. In tlie spawning· season they are frequently 
seen in a small brancli that enters the main rfrer about three miles 
above Columbia Falls. In size the salmon of this river appear to be not 
far from the average of other rivers-perhaps a little smaller-" a verag-
ing," says my informant,* "from seven to twelve pounds." Occasion-
ally one of fl ve pounds is taken, very rarely one of three pounds, and 
one smaller than this is hardly ever seen or heard of. 
There are six dams across the main river, in height varying from five 
to seven feet; one of them is out of use. Two of them are in close prox-
imity to each other at Columbia Falls; one of these is provided with a 
fish-way, and salmon find means to pass them both. 
10.-NARRAGUAGUS RIVER,. 
This river once yielcled great numbers of salmon and alewives. They 
were plenty uutil forty or fifty years ago. One old gentleman testifies 
to having once, with the assistance of two others, taken at Cherryfield 
forty salmon one morning between daylight and sunrise. Other simi-
lar feats are tolu. Small vessels came here to load with fish. Salmon 
were caught with <lrift-nets, spears, and clip-nets. They were mostly 
taken between May first and the middle of July, in the lower part of 
the river, within a mile of the heacl of the tide, but they were frequently 
caught at Beclclington La.ke, sixteen miles farther up. At tlrn spawn-
ing season a great many usecl to be seen at the mouths of Salmon and 
Scl10odic Brooks, wllich appear to llave been favorite spawning-grounds. 
Dams were built in the river at an early clay, but until within about 
fifty years there was none that seriously hindered the ascent of salmon. 
,. irr. Gowin \Vilson, of Uolmnuia Falb. 
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,·r tli m was then built. For a time a fish-way was maintained in 
i t, bu it a by and by neglected, and the fish left to their fate .. They r~p-
1 LI diminished, and were in a few years almost utterly extmct. For 
w •111. r ve or thirty years, say from 1840 to 1871, but few were seen each 
. eason and none taken. For two or three years past more have come, and 
during the summer of 1873 perhaps two or three dozen were seen try -
ing to pass the lower dam, and four or five of them .clubbed to death. 
An equal number has not been killed in any season for many years. 
The number of dams now in existence on the river and branches is 
eleven, of which four are out of use and falling into deca.y. FiYe of the 
remainder are within a mile of tide-water.• 
11.-UNION RIVER. 
This was formerly a very productive salmon river, but has not yielded· 
a single specimen for sixteen years. t The fishery used to be carried on-
with nets. No weirs were ever built in the river; t and in the absence 
of both weirs and nets at the present day it is quite probable that sal. 
mon occasionally enter the river in very small numbers without attract-
ing attention. It would be remarkable, indeed, if not a single individ-
ual should stray from the Penobscot, which lies so near. · Their ascent to 
their ancient breeding-grounds is, however, effectually prevented by the 
formidable dams at Ellsworth. Of these there are six, all located within 
three miles of tide-water. Above them the main river is open to its 
bead-waters. 
12.-PENOBSC0'.1.' RIVER. 
The Penobscot River, besides being the largest between the Saint 
John and the Connecticut, is distinguished from nearly all others 
within those limits by the manner in which it discharges its waters into 
the sea, namely, through a large bay or estuary, narrow at its l,l~ad, 
where it recehres the waters of the river, but widening gradually to its 
junction with the open sea. This feature is also characteristic with the 
Saint Croix, Union, Pawtuxet, a·nd some other smaller rivers, but all 
the large rh·ers within the specified limits, with the exception of the 
Penobscot, discharge their waters abruptly into the sea. This fact may 
or may not be of importance in its bearing on the distribution and hab• 
its of the migratory fishes frequenting the several rivers, but at any 
rate is not to be neglected. 
The estuary of the Penobscot, called Penobscot Bay, has on the sea-
ward side natural limits tolerably well marked, not only by the numer-
ous islands embracing some of large size, that guard its entrance, but. 
by two prominent capes of the main land, Owl's Head on the west, and 
Waskeag Point on the east. The width of the bay here is nearly thirty 
~ Letter of C. J. Milliken, esq. 
t Letter of S. Dutton. 
t Letter of K. K. Thompson. 
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miles, but it narrows rapidly as we proceed upward, and at Cape Rosier, 
thirteen miles above, it is only seven miles wid~. Above this point it 
widens a little at Belfast, and then:contracts at Fort Point to a width of 
between two and three miles. Three miles above this is the mouth of 
the river, wh.ich enters the bay by two channels, one on .either side of . 
Wetmore Island, sometimes known as Orphan Island, _and constitut-
ing the town of Verona. The total length of the bay is about thirty . 
miles, being but little more than its greatest breadth. Its area may 
be roughly estimated at 400 square miles, exclusive of islands. Into 
this broad bay the Peiwbscot River discharges about 320 billions of 
cubic feet of water per year,* or about 873 millions per day. Assuming 
the mean depth of the bay to be 60 feet, its capacity is 400 millions of 
cubic feet, and it follows that the volume of fresh water discharged 
into it is sufficient to renew the whole volume of the bay in a little more 
than a year. . Probably the actual depth is greater than that assumed, 
and the time required to replace the salt water with fresh would be con-
siderably longer. That part of the bay above Castine, which first re-
ceives the water of the river, has an area of perhaps 60 square miles, · 
and, if we assume the average depth to be·8 fathoms, the river could 
not fill it in less than three months. 
These figures are nearly all rough approximations, but they serve 
to show, in a general way, the small comparative volume of the inflow-
ing fresh water, and prepare us to believe that what with the tides, cur-
rents, winds, and other forces tending to bring in fresh supplies of sea-
water, the river can exert little influence in changing the constituents 
of the water, except in the extreme upper end of the bay. The flow of 
the tide turns the current of the river as far as Bangor in the summer, 
and above Bucksport always. The water is quite salt at the latter 
place,. and in the summer it is brackish at the former. 
The result of the action of the river-water in displacing or altering 
marine forms of life in the bay1 cannot be told with p;recision without 
more extensive observations than I have been · able to make; but the 
statement of a few facts will illustrate the degree of its influence. 
In several points of the bay are good hake grounds. Off Castine is a 
good ground for haddock, and cod are also caught 'in that part of the 
bay, both of them with their stomachs well .filled with marine mollusks 
and other animals. Near Brigadier's Island is a favorite place for catch- . 
ing menhaden, and this species is common enough in its season about 
Bucksport. In the smelt-nets set from October to March on the Bucks-
, ' ' port and Verona bridge, there are caught not only smeltl3 and tom-cods 
but great nu111bers of flounders, sculpins, skates, &c., and at times, es-
pecially in the early part of the season, shrimps and other small crusta-
cea. Jelly fishes are not rare at the same point. The shores, even as 
far up as this, are covered with a growth of fucus, and species of litto-
rina abound. On the other hand, I cannot recolJect of ever seeing a 
* Wells's Water-power of Maine, p. 105. 
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proper fresh-water fish caught in this part of the river or any part of 
the bay, except a single specimen, caught in Verona, of trout, (Salmo 
fontiualis,) which is known to often run into salt water. 
The works of man have interfered less with the migration of salmon 
in the Penobscot than in any other large river south of the Saint John. 
Owing to its great Yolnme and other fayorable circumstances, dams, 
quite impassable by salmon, hrwe never been in existence many ~·ears 
at a time. The four points on the lower part of the river at which dams 
haw• been built are Veazie, Ayer's Falls, Great "'\V orks, and Oldtown. At 
OI<ltown thecenterofthe rirnr bas never been closed, and salmon ascend 
there with considerable ease. At Great "\Yorks two long wing-dams, 
rnnuing from the mills on either side up the 1frer nearly parallel with 
the banks, arc joined at their upper ends by a low cross-dam, which is 
not a serious obstacle at the season of the year when the main body of 
the salmon are aRcending the river. .At Aycr's Falls the dam that 
crosses the river is low, and at its eastern end abnts upon a ledge, over 
which the water runs down an irregular incli11ed plane to the level of the 
main chailllcl b0low. This assisted the salmon in surmounting the dam, 
and was, to a certain extent, an abatement of the evil, but at best the 
st rnctnrc was so serious an impediment that it was necessary to con-
Rtrnct a fiRh-way, an inexpenRive affair, made by merely enlarging a 
crC'Yice in the lc<lfre at the east eml of the <lam. The <lam at Veazie, 
hnilt in 1834 or 183r,, was at first quite impasRal>le, and so remained for 
several years. Since then, how~vcr, the water has wasted away the 
hank at the cast end of the <lam, and disclosed a large crevice in the 
ledg·e, through whicl1 so large an amount of water is generally flowing 
that sal111on ham little difficulty in passing the <lam . 
.Aborn 01<ltown the 111ai11 Penobscot is entirely fn·e from artificial ol>-
Rtrnctio11s for 70 mil(•s; the l\fattagamon, or Bast Branch, for nearly 
100 miles; the1'fattawamkcag, for Jt, mih•s; tlH• Piscataquis, for50 miles. 
Of the tributnrics, th<' lower 011es are near1.r all effectually closed against 
r-mlmon uy danu;, and l1a\'e been in 1.hat condition for many years; in 
fpw of them, however, if i11 a11J·, was the Rpecies ernr abundant. In the 
uppPr tributaries there am comparatiwly fow obstructions, and there 
the salmon ham accPsH to their origfoa] spaw11i11g-grounds. The <lams 
!milt there for serYice in floatinµ; timber, or, in the vernacular, "driving" 
1t to the 111ills below, an• generally of such a character that they «lo not 
prevc11t the pai-;sagc of salmon, and liin<lcr it only for short periods 
in the ~p1fog and early snm111C'r. Tlw <lam at the outlet of North 
Twin Lake is of this charactC'I'. lt Rcrws to raise the surface of .Am-
1,~j<•;.ds, Panw<lumcook, and the r11wi11 Lakes to a, point some thirteen 
feet ahorn their onli11ar,r level, both for the purpose of facilitating t,he 
passage or th<> ''drin•s .. of Jog.-, acroRs the lakes, and to store water, to 
he IPt out wJH.•Jl w:rntc,1 to float them over tlw shallo,v rapids below. 
The g-at<·s of th<· 1la111 arc clmw<l in ,Tn11r, an,l kept shut for several 
W<·Pk:-;, wliih· the lak<•:-; are filliug- np. J)111fog this time 110 salmon can 
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pass. In July they are opened again, and for several weeks more they 
are pouring out a flood of water, in which salmon can ascend. At the 
outlet of Chesuncook Lake there is a similar dam, but it is opened much 
earlier in the season. Such is the case with neariy all driving dams. 
Besides the building of dams there is one other artificial change'in 
the condition of the river worth mentioning. For half a century past 
the principal occupation of the. pqpulation along the Penobscot River 
bas been the cutting and maI]Ufacturing of timber. For this. purpose, 
indeed, most of the clams wern built. The refuse from the saw-mills, 
consisting of slabs, edgings, shavings, and saw-dust, was,. until very 
recently, all thrown into the river, as the easiest way of getting rid of 
it. Lately the throwing of the coarser sorts of refuse into the river has 
been forbidden by law; but saw-dust may still legally be disposed.of in 
that way, and the throwing in of refuse of the coarser kinds is not en-
tirely stopped. This practice has not affected the upper part of the 
river materiaIIy, since there are no extenshre lumber-milis above Old-
town ; but from the latter place to the sea the refuse bas accumulated 
to such an extent as to encroach alarmingly on the channel, and fill up 
extensive coves and bays with a deposit of decaying· saw-dust, mixed 
with earthy sediment, while great quantities of the former are, through 
the greater part of the year, to be constantly _seen :floating on the tide, 
or swimming at all depths beneath the surface. The extensive deposits 
hav-e in some instances so altered the configuration of the bottom as to 
interfere with the success of certain :fishing-stations; but beyond that 
I see no evidence that the discharge of the mill refuse into the river 
has had any injurious effect on the salmon. It does not seem to deter 
them from ascending, and, being thrown in below all the spawning 
fro:nnds, it cannot affect the latter. 
The Main Penobscot, above Oldtown, with the exception of two 
"dead-waters," so called, has, throughout its entire length, a strong 
current, broken at intervals by falls. The two dead-waters are the 
Sunkhaze Dead-Water, which commences some two miles abov~ Old-
town ancl extends from six to eight miles, and a similar one occupying 
a space between Piscataquis Falls, near the mouth of the Piscataquis 
River, and Lincoln. The last has a stronger current than ·the Sunkhaze 
Dead-Water, and has a gravelly bottom for the most part. The princi-
pal falls between Oldtown and Nickerton, at the mouth of the Matt~ga-
mon, or East Branch, are the Cook, Olamon, Passadumkeag, Piscata-
quis, and Five Island Falls. The bottom for the whole distance above 
Sunkhaze Dead-Water, is rocky or gravelly, though not in many places 
ledgy. From Mattawamkeag to Nickerton is a beautiful, gravelly bot. 
tom, with a uniformly strong current, well adapted, it is supposed; to. 
form spawning-beds for salmon, although it is not positively known 
that they ever spawn there. 
Of the lower tributaries the finest and most extensive breeding-
grounds lie in the Piscataquis and its branches, to many of which sal-
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mon ha,·e access now, visiting them yearly and often showing them-
selves at Brownville on the Pleasant River. The Passadumkeag proba-
bly contains good breeding-gounds, but to a less extent than the Pis-
cataquis. They :find suitable ground in some of the tributaries of the 
Mattawamkeag, and iu several small streams directly tributary to the 
Penobscot. Three of the latter have received the name of '' Salmon 
Stream." In one of them which joi~s the Penobscot, a few miles above 
:Mattawamkeag, I have, myself, found the nests of salmon. 
Above the entrance of the Mattagamon the Main Penobscot, com-
monly called the West Branch, gradually changes its character, has less 
gravel, larger bowlders and more ledge in its bottom, and the uniformity 
of its current is interrupted by numerous- falls and extensive lakes; but 
there is no serious natural obstacle to the ascent of salmon t,hroughout 
its entire length; and the dams at North Twin and Chesuncook do not 
wholly prevent salmon reaching the upper waters. At both these dams 
they are frequently seen and sometimes caught. One informant has 
known of two instances, in a single spring, of salmon throwing them-
selves upon the piers at Chesuncook Dam, and being taken by the river-
men. • Of the tributaries of this part of the Penobscot, the Millinocket, 
Nahmakanta, Souadnehunk, Caribou, and Caucomgomoc Streams are 
particularly well fitted to be the breeding-grounds of salmon. 
It is believed that the Mattagamon or East Branch.· is a better salmon-
river than the Main Penobscot, and that a mucll greater number of 
salmon resort to it. They can ascend it as far as Grand Falls, thirty-
five miles from its month, and find extensive spawning-grounds not only 
in the Mattagamon itself, but in the Wassaticook and Seboois Streams 
and their tributaries. The Wassaticook is an impetuous mountain-
stream, draining the northern and eastern sides of Mount Katahdin. 
The Sebooii traverses a more level district, and is a very fine, gentle, 
gravelly stream, with numerous rapids of sufficient force to form ad. 
mirable spawning-beds. In this stream and in the Mattagamon I have, 
myself, seen many salmon-nests. 
The industrial modes of fishing employed in the Penobscot Bay and 
ri er are three: first, drift-nets; second, pound-nets; third, weirs. With 
- • ft·, exceptions the use of each mode is confined to a particular dis-
t i · t. Drift-nets are used only in the swift water of the river above the 
of the tide; pound-nets in the more open parts of the bay ; weirs 
in I tidal part of the river and the upper part of the bay. 
The . rift net is a simple straight net, buoyed on the upper, and 
• 1 l • 1 , 1 1 on the lower edge, which is thrown out from a boat and 
allow · l 11 oat down the curr~nt, intercepting any upward-bound salmon 
tl · come i1 the way, and which are caught by thrusting their 
tr 1 , of Brewer, is authority for this statement, as well as for nu-
111, t'OU other in relation to the Upper Penobscot. Mr. Hardy say~ that he knows of a 
1 w 11 • ir•l1 lllg half I pound, being ta.ken on a fly-hook more than thirty miles above 
h ,me• in , 1,tml-1,t,;. 
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heads into the meshes in the endeavor to break through the net. A 
consi<lerable number of these nets are every summer in use on the. shal-
low rapids below the Great ·works, Basin Mills, and Veazie dams. Oc-
casionally one of them is used at some point above Oldtown. The Mat- · 
tagamon, near the moutlJ of the Wassaticook, is one of these points; the 
North Twin dam is another. 
The pound-net, in use on the Penobscot, consists of the "run," the" in-
ner pound," and the ,~ outer pound." The run is a straight net, running 
out into the water at right angles to the shore. It is 11 or 12 feet deep, 
and its length depends somewhat ou the character of the site; 25 fath-
oms is the common length, but in very "bold" water 18 or 20 fathoms 
will am,wer. At the extremity of the run is the inner pound, which 
is shaped like an obtuse arrow-head, the two barbs being styled '' hooks.'' 
The entrance of this inner pound, 6 feet wide, is between the barbs or 
"hooks," and at its tip is an opening 1 foot wide, which leads into the outer 
pound, an iuelosure about 18 feet square. Both pounds have bottoms, 
and are of the same depth as the run, 11 or 12 feet. The whole is sup-
ported by wooden floats, so that it rises and falls with the tide, and is 
held in place by anchors planted at the extremities of long " warps.' 
A pole placed perpendicularly at the point of each hook, and another 
at the outer angle of the outer pound, brace the bottom down. The 
latter is called the "spring-pole/' and, iu "springing" the net, it is cast 
loose at the upper end and allowed to swing loose while the bottom of 
the pound is drawn up. The mesh employed is 6 or 6½ inches long, 
being 3 or 3¼ inches square. The 6½-inch mesh is too small to mesh 
a 22-pound salmon and too large to catch oue of 6 pounds. It is sup-
posed that if small salmon ever. enter these nets, they pass out through 
the meshes. The majority of the medium-sized and large salmon 
do not mm,h but remain free in the pound, being too wary to strike 
the meshes. The bottom of the net is commonly several fathoms above 
the groun<l, and were not the salmon that encounter its run persistent 
surface-swimmers, they would dive under it, and escape without enter-
ing the pounds. 
'rhe three parts first described constitute what the fishermen call a 
"hook of nets." Sometimes from the outer extremity another "run" 
is set, with pounds at the end of it, constituting another" hook of nets," 
and this combination is termed a "gang of nets." Sometimes as many 
as four hooks are set in a single gang.* 
The invention of this style of net is ascribed by the fishermen to one 
Halliday, an Englishman. The net in use before it had only one pound, 
corresponding to the inner pound. It was much inferior to the modern 
style, as a great many salmon escaped by the entrance, which bad to be 
wide to induce them to enter at all, and in this way the very largest 
salmon were lost, being too large to mesh. 
A Penobscot fish-weir generally consists of a leader and three pounds. 
* Illustrationtj of those nets are given in the appended plates. 
S. Mis. 74-20 
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The "leader" corresponds with the run of the pound-net described 
ahoY<'. It is built of stakes and brush loosely driven. Its length is 
gon'med by the shape of the river-bed and some other circumsta,nces, 
snch as the character and direction of the currents. Most fishermen 
:1im to harn their pounds located entin .. ly beyond low-water wark, and 
fn·queutly the water where they are situated is 15 or 20 feet deep when 
the tide is out. The leader extends thence to the shore. The first or 
grL•at pound is a heart-shaped inclosure, about 60 feet wide, having an 
entrance 22 feet wide, nearly in the middle of which is the outer end of 
tue leader. Stakes and brush compose the walls of the great pound. 
At the apex of this inclosure is an entrance 3 or 4 feet wide to the second 
pound, which resembles the first in shape, but is commonly provided 
with a board floor near low-water level, and has walls of netting instead 
of bru8h. An opening only a foot wide leads into the fish-pound, which 
is also provided with a floor.* Fish swimming along the shore, whether 
nscemling or descending- the river, encounter the leader, and in trying to 
get arouml it are led into the great pound, and the shape of this is such 
that they rarely escape out by the wa,y they came in, but readily find 
th(• entrance to tlrn next pound, from which, in like manner, they pass 
oil to the fish-pound, where they are left by the retreating tide 011 the 
han• floor. 
Both weirs and pound-nets depend for their success 011 the disposition 
of lish to morn iu straight lines when there is no obstacle in tlle way. 
011 being turned from their course by the leacler, they swim, in the direc-
tion it give8 them, straight into the great pound, whose entrance is so 
widP that they see only oue side of it at once. Were the opposite side 
of tlH' entrance or oft he pound in sight, the fish might be deterred from 
CI1tni11g and turn back. Once within the great pound, they swim straight 
to t IH• opposite side, meeting which, they turn and follow it. If fright-
cued at the narrowness of the passage into the second potrnd, they turu 
uack aucl follow the side of the great pound back toward the entrance, 
but by the time thes reach that point the curve of the pound has given 
them a new direction, which carries them directly past the entrance. 
'l'huR they rarely find tlleir way out, and, becoming soon familiar ,vith 
the walls of their inclosure, venture through the gap that leads them 
into ti1e second pound. 
'l'lu• weirs of the Penobscot are not very expensive. It is estimated 
that orw can be maintained at a cost of $GO a year. They ge11erally 
oe<·upy the same site year after year. The site is fixed by experience 
in Pach individual case, and hardly any rule can be given that will guide 
in tlw selection of one on an untried shore. There are long stretches of 
RhorP where no oue attempts nowadays to build weirs but iu most cases 
l . ' t H.':-ie sites have been tried in former times and found unprofitable. 
Weir:-; are built in the river as early in the spring as the state of the-
water will permit, and are for the most part in operation before the close 
" Sec illustration in the appended plates. 
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of Apl'il. On the shore of the bay they are built a little later, the 
salmon not making- their appea.rance so early as in the river. 
Tile <fo;trict within which these weirs are almost the sole -mode of 
taking salmon ex.tL•.u<ls from Orrington, 011 the river, to Belfast, on the 
w·est sicle of the hay, and Oastiue on the east side; and with a very 
few exception~ 110 ,rnirs have ever beeu built outside those limits. The 
number lrnilt within this district in 187.3 was 114, of which all but one 
caught salmo11. Ja 1870 there were luO weirs, of which five or six caught 
no salmon, <lcpc11ding for their profits ou the capture of me nlrnden and 
alewin•s. ~l1he last season having been a profitable one, a greater Illllll-
ber of "·cirs will be built in 187 4. Thus the number varies from year 
to year.* In some parts of the river as many weirs are built now as 
eyer, while in other localities there has been a markeu. falling-off. 
The iimits withi11 which salmon -fishing is regularly carried on as an 
industry iu the Penobscot River and Bay at the present day, may be 
fixed at Ol<ltown above, and at Rockport, Long Island,_ and Castine 
below. l\la11y years ago there were fisheri~s on the eastern side of the 
hay as far out as the upper or northwest end of Eggemoggin Reach 
and ~tt the extreme lower end of Long Island. But these out.er stations 
were not profitalJ1e, and were abandoned after a few years' trial. One 
at Buck'~ Harbor yield.ell about fifty salmon a year. One near Cape 
Hosier was more productive, and the last year it was in operation 
~yielded 102 salmon. 
For the last two years (1872 and 1873) a weir for the capture of her-
riug has l>eeu maintained on Western Pond Island, about two miles 
below Ua,pe Hosier. It caught 30 salmon in 1872 and only 8 in 1873. 
It is probable that, were similar weirs maintained in favorable places still 
farther (lown the bay, salmon would be taken in. them in small numbers. 
I have learned of the existence of only one weir in any part of the bay 
outside of Long Island and Rockport. This is a weir built for the 
capture of alewives at the outlet of Fresh Pond iu North Haven. In 
former times there have been weirs maintained at five or six different 
points 011 the same island for the capture of herring and mackerel ;t but 
I cannot leam that a salmon was ever caught there. This fact, however, 
is not a fair test of the presence of salmon in those waters, since the 
structure and location of the weir are not favorable for their capture 
Probably the salmon caught was a native of the Penobscot; for all the 
breeding-grounds of the Union River, to which we should naturally I'e 
fer it, base for many years been inaccessible. 
The capture of ~mlrnon in the Lowei Penobscot Bay and in the open 
sea adjoining, with nets and hooks, is of rare occurrence; but there are 
several instances worthy of record. Off the northeast breaker of Seal 
"Ou the appeuueu map of Penobscot Bay antl River are represented all the weirs of 
which I have obtained information, both those built recently and many that were 
abandouc1l years ago. 
t Statement of A. ·waterman. 
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Rock, a certain Captain Eldridge, of Bucksport, caught a salmon on a 
book while "drailiug" for pollack; that is, dragging a seven or eigbt 
fathom line witb a baited hook after a schooner under sail. TlliH was 
over fifty years ago, wben salmon were plenty in tbe Peuobscot, yet 
it was cousidere<l a great wonder; and the old gentleman who told the 
story,* though he was sevent,s-six years of age, and bad been all his 
life engage<l in fishing, had never hear<l of another instance of the 
kiu<l. There are several stories of salmon being taken on trolling-
linel-l, bnt no exact statements in regar<l to those occnrreuces have been 
obtained. Inhabit.ants of tlic islau<l of Matinicus, fifteen miles seaward 
from Owl's Head, report that salmon are sometimes taken in seines 
drawn for mackerel in that vicinity. 
About eight years ago, in the mouth of July, a small salmon, (g·rilse,) 
weighing two or three pouu<ls, was caught by Mr. William L. Howe, of 
Lincoh1vi1le, in a net set for menhaden at Woo<len Ball Island,t which 
lies bl•tweeu Matiuicus and Seal Hock, and is therefore but a few miles 
from the localit_y wllere the salmon was caught on the pollack-hook, as 
stated above. 
On the western shore of the bay, salmon-fishing begins about seven 
miles above Owl';3 Head, at Rockport, where it has been regularly car-
ried on for more than ::.ixty years. For ma11y years past, four nets 
h,ffc l>cen set there. For tlrn past five years the fishery of 1873 was 
tlic bl•st; that of 1871 and 1872 the poorest. The average of late has 
l.Jcen al>out 150 salmon a season in all of tlrn nets; this is pronounced 
a small catch in comparii,;on with that of years ago.t 
Al>o,·e Rockport there arc no salmon-fisheries up to a point below the 
harbor of Uam<lcn, where two nets are Het. From this point north war<l, 
withi11 ten mile8, there were, in 187~\ twenty-one gangs of nets, compris-
ing thirty-seven hooks. 'l'ho gn~ater part of these are in the town of 
Lincolnville, an<l a large number of them are crowded into the small 
l.Jight into which empties Dnck Trnp Stream. 
The most northerly nrt-hcrth is in the town of Northport. In all, 
there were set along the westerri Hhore of the bay forty-three hooks, in 
twenty-seven separate gangs. The whole number of salmon caught. in 
them in 1873 was 1,5Gl ,t. l>t•i11g au average of 36.3 a hook, and of 58 
a gang. 
The hei-.t catch was 175 salmon in three hooks, and the poorest 12 
salmon in two hooks. 
In the vicinity of Freueh's Beach, Lincolnville, the nets are generally 
set ahont ::\fay 10, an<l taken up early in July. It is wituin these dates 
011ly that fishing is generally profitable. Some fishermen catch consid-
• .Jamc!l S. Collins, of Calltinc. 
t Ll'tter of 11. IL Pago. 
~ The mm,t of the 1lata of this statement were furnished me by Ayres & Miller, fish-
dPaln1-1 of Camden. Mr. Joh Pcn1l1cton, of Lincolnville, from entirely separate but 
less complete data, e!!timate<l the catch at a little over 1,583. 
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erablc numbers of salmon both earlier and later; but whether their suc-
cess 1s owing- to exceptionn,l situations or to lack of competition is a 
matt(>r of doubt. It is believed that salmon can be l',aught each year 
earlier near the mouth of Duck Trap Stream than at any other point in 
the western bay, and this alleged fact is attributed to the attraction of 
the fresh water. 
In the mid<lle of the bay the capture of salmon is followed every 
year on Long Island at twelve or fifteen stations scattered along its 
westeru side. Nets alone are now used. A single weir was built at the 
~onthcrn extremity of the island, for about ten years, ending in 1868. 
About thirty salmon a year were caught in it. Like ordinary salmon-
weirs, it was made of netting fine enough to catch herring, and besides 
these it took also menhaden and mackerel. On the western side of the 
island no salmon-nets are set. The reason for their absence I have not 
investigated, but the land slopes clown the shore more gradually on that 
side than on the other, and it may be iuferred that there is a corre-
Rpondiug difforcnce in the inclination of the bottom, which may affect 
either the course of the salmon in their migratio'us or the faeilities for 
setting and working nets. 
In Belfast Bay no salmon are caught within four miles of the port 
of Belfast on the north shore, and 14 miles on the south shore; so that 
from the upper limit of the net-fishery there is a reach of 18 miles where 
no salmon-fisheries are carrierl on. The fishery begins again near the 
harbor of Searsport. Here, and at all points above, it i:S carried on 
with weirs instead of uets. Tile yield is much better than it is in the 
net-fo,hi11g below. This may in part be attributed to t"he greater effi-
ciency of the weirs, but I think, after making all allowances on that 
score, there is still a difference that can only be attributed to the 
pre~euce of a greater numl>cr of salmon near shore. The weirs on Sear's 
Island and 011 Cape Jellison are among tile most productive in the 
whole l>ay alHl river. In 1873 there ,v-ere fewer weirs built here than 
usual ; 011 Sear's Island only one instead of six, and on the south side 
of Cape Jellison only seven instead of ten. It may l>e mentioned, as 
illut-itrnti11g the vicissitudes of the business as well as tlie occa,sional 
irreg-ularitic,"3 of the movements of the salmon, that while some of the 
weir:-; on the south side of Cape Jellison caught fewer sa,lmon than 
ordinary, one on the west side, in Stockton Harl>or, (No. 61,) caught 
twice as many.* Tbe average catch of the former in 1873 was 91 
salmon a weir. · 
It is worthy of remark tbat the weir that had such excer)tional luck 
was built on a gently-declining bot,tom, with a long leader, aud was in 
a, somewhat sheltered position, while the others were built on a steeply-
inclined shore at the base of a precipitous bank, with short leaders, and 
exposed to the force of sonthcl'ly and. easterly storms, which sometimes 
render tliese weirs almost inaccessible. The bottom is, for the most 
" Letter of J a,mes M. Treat. 
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part, so hard that considerable paJ·ts of the weirs are supported by 
stakes not as in ordinary cases, driven in the ground, but planted like 
masts in g~eat wooden frames, which are sunk and kept in place by a 
heavy ballasting of stone. 
On the east side of the bay, opposite Cape Jellison, is a shore much 
better adapted to the construction of weirs in the ordinary way, having 
a gentle slope and a bottom of only moderate hardness. This is known 
in the vicinity as the " Dashen shor'3," and includes all the shore in the 
town of Penobscot and all in Castine except those in the harbor. Its 
salmon-fishery has not so high a reputation as that of Cape Jellison: 
In 1873 the catch was larger than usual, averaging 83 a weir. At the 
same time the three weirs in Castine Harbor, which are generally aniong 
the best in the whole bay or river, caught far fewer than usual, averag-
ing only 69 a weir. Thus the experience of the Cape Jellison :fisher-
men is repeated. We\rs on a gently-sloping shore with a western ex-
posure have a successful season, while those on a steep shore with an 
easterly exposure are unsuccessful. The number of weirs built on the 
Dashen shore in 1873 was 23. In two cases two weirs were built on the 
same hedge; all of the others were on separate hedges. Thus there 
were 21 hedges. In 1870 there were 24 µedges and 33 weirs. The de-
crease in number was doubtless owing to the poor success of the fishery 
in that and the two following years. With the salmon are taken, in 
these weirs, herring, menhaden, shad, and alewives. The herring and 
menhaden are quite irregular in their occurrence; alewives have been 
decreasing in numbers for many years; and shad have almost disap· 
peared. 
Penobscot River enters the bay by two months, on either side of 
Wetmore Island. The western is the main channel, and the route by 
which by far the greater portion of the salmon enter the river. Its 
shores are for the most part bold, and at the" Narrows'' the water in mid-
channel is about ten fathoms deep, which exceeds by two fathoms the 
general depth of that part of the bay west and north of Long Island. 
This increased depth is doubtless owing to the strength of the tides, 
which sweep with great force through a narrow channel. The approach 
to the ~ arrows is a tunnel-shaped estuary two miles wide at its en trance 
opposite the southern extremity of Wetmore Island. On both sides of 
this · tua1. , salmon-fishing is carried on ext.ensively. As the widt4 of 
tl11· ri · df••·1 ases the number of weirs increases, and just below the 
naITowest po1nt there have been eight or ten built within a single mile 
on the ~ , t shore. These weirs have short lead.ers1 and in many cases 
the entrance to the second pound is on the upper instead of the outer 
side of the first pound.• 
In general, the season of 1873 was a very successful one with the fish-
ermen of this district; yet several weirs, most of them in the Narrows, 
had exceptionally bad luck. 
m le of Penobsoot salmon-weirs, represented in the appended 
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The eastern moutll of the river is of a different character, discharging 
a much smaller Yolume of water, which is mainly received from the main 
Penobscot by the Thoroughfare, a broad, shallow passage around the 
north end of "'" etmore Island, but is considerably augmented in the 
early part of the season by the water of Eastern River. The latter is 
not a salmon-stream, but is the principal uursery of the alewife, wllich 
finds in its mally ponds admirable breeding-grounds. It flows to its 
junction with the Thoroughfare through a broad estuary, in wbicll its 
scanty waters are insufficient to delay long tlle settiug-in of the upward 
current that accompanies the flood-tide; while iu the Penobscot aml in 
the Thoroughfare the current sets down near two hours after low water. 
Hence we have the phenomeno_11 of a down-current in the Thoroughfare 
at the same time that there is an up-current in the estuary of East-
ern River, and the water from the former fi11s the latter for some distanee 
above the point of junction. This is a sufficient explanation of the fact 
that while the salmon rarely attempt to ascend Eastern River, those 
that come in by the eastern mouth passing into the main Penobscot 
through the Thorol'tghfare, yet they frequently pass the month of the 
latter and are caught in weirs some distance up the estuary of Eastern 
River. Thus, in 1873, No. 185 (see appended map of fisheries of Penob-
scot Bay and River) caught 60 salmou, and No.1G8 caught 30. This ex-
planation accords well witll the. theory that salmou find their way back 
into their native rivers, not through any knowledge of topography but 
by recognizing in some way the qualiti.es of the water. In the weirs of 
Eastern River farthest up salmon are seldom caught; and indeed neither 
in any portion of it, nor iu the Thoroughfare, nor in the common river 
below, is the catch at all to be compared with that in the western channel 
of the Penobscot. 
Above the port of Bucksport but few weirs have been built for many 
years, and the number has of late diminished. In 1870 there were 15; 
in 1873, only 9. The latter year was quite profitable, the increase in 
the number of salmon being remarkable. Three weirs in Marsh Bay 
caught 250 salmon, 5 shad, and 6 barrels of alewives. '\Veir-fishing 
bas rie-rnr been practiced in the Penobscot above Orrington. It is, 
however, known that a8 early as 1780 there was a rude half-tide weir 
in the town of Hampden. 
Within this district, on the eastern side of the expansion of the river 
called Marsh Bay, are Dram Point :Flats, the history of wllose fisheries 
is very interesting. In 1812 there was a single half-tide weir built on 
these flats; it was of triangular shape, one side being formed by the 
shore and the other two being built of stakes and brush. On the up-
river side the brush-work was built higher than high-water mark. 
The down-river side, which, however, was exposed to an eddy-current 
on the ebb-tide, was, for the outer half of its length, built to an equal 
height with the upper side, while the part next the shore rose only to 
half-tide mark. Over this low part of the inclosnre the fish swam at 
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high water. Left inside by ebbing of the tide, they would gather in a 
small compartment at the outer corner, whence they were dipped by 
the fishermen. This was the highest style of contrivance for the cap-
ture of fl.sh then in use on the Penobscot. It took immense quantities 
of shad and alewives. 
The first trap-weir was built in 1815 at Treat's Point, on the west 
side of Marsh Bay, built by one Hollis Emerson, from the Kennebec. 
It worked on the same principle as those now in use, but had o.nly one 
pound. In 1816 a similar one was built on Dram Point Flats. The new 
weirs were so successful that large numbers of them were bunt all along 
the river immediately. In 1820, however, and for several years there· 
after, fl.sh were scarce. In 1822 only two .weirs were built on Marsh Bay, 
one on Dram Point Flats and one on the opposite side. That year was 
a very poor one with-the fisheries in this part of the river, but was bet-
ter in the bay and as far up the river as the northern end of Wetmore 
Island, there being an extraordinary catch of salmon about the 1st of 
July. From 1822 to 1836 there was an improvement in the river-fish-
eries, especially in the salmon-fishery. The year 1836 was marked by a 
great run of salmon. 
In the appended illustrations are two plans of Dram Point Flats,• 
representing the fish-weirs built on it; the one in 1832, the other in 
1873. In 1832 there were, on this short stretch of shore less than a 
mile long, five fishing-stations, maintaining 17 weirs, each with several 
pounds. No exact statistics in relation to their yield can be obtained, 
but it is described as being enormous. Alewives were sometimes so 
plenty as to be given away by the cart-load. The most of the fl.sh were 
shipped on small vessels that came from Portland and Southern New 
England to buy. 
One of the men in this business t states that he remembers of six 
vessels being there at one time loading ; they would probably carry 
away fish to the value of $37,000, and this but part of the season's 
~~- . 
The prices of those ladings were, for salmon, 5 to 7 cents a pound; 
for lt.ul. $6 to i7 a barrel; and for alewives, $2½ a barrel. 
In 1 ;.; instead of the seventeen weirs, there were only three, and these 
111 1 •· 1 ,l \ ·l-re less productive than the same number of weirs in 1832. 
It 11 1 uld l 1· remarked that the abandonment of these fisheries was due 
more Lo the loss of the shad and alewife fishery than to the decrease of the 
salmon. It is not, therefore, to be inferred that a similar falling off in 
the 11. hin _-iudustry has occurred in districts where the salmon-fishery 
• r Lau,• I., of greater importance. Another source of injury to the 
fi · 1 •r • • i the deposit of sawdust and mud on the flats. It will be 
nl tr T1•d that in 1873 the flats extended considerably farther into the 
'i ht • 11 11 and accompanying facts were furnished by Mr. John Arey, of Bucke-
tt. h1 p1 1lrn statements about the :fl.actuatioDB of the fisheries are on the au, 
11, it 111 fr. Amos Treat, of Frankfort. 
~h. J'r ,h •ick Twombly, of Portland. 
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bay tha.u in 1832. This is caused mainly by the accumulation of saw-
dust which bas not only moved the low-water line farther out, but has 
grea~ly lessened the depth of the water for a long distance outside of 
this line. 
13.-TABULAR STATEMENT OF THE CAPTURE OF SALMON ON THE 
PENOBSCOT RIVER. 
The following statement of the number of salmon caught in 1873 is 
based for the most part, on the statements of the fishermen themselves; 
' . 1 the uumber caught in each weir and net having beP,n reported m near y 
every case: 
T.rnLE XII.-Statenwnt of salmon canght in Penobscot Bay and River in 1873. 
District. 
ltockport to Northport ..... . .............. . 
Long I sland and W estern Pond Island . ... . 
Castine and P enobscot . ................... . 
Orlan1l . . ... . .............................. . 
Searsport anil Stockton ............ . ...... . 
Vero11a, (\Vet more Island) . __ ... . ........ . 
Bucksport, Prospect, and Winterport . . ... . 
Bangor to Oldtown ........................ . 
Implem ents. · 
Pound-nets; 27 gangs, comprising 43 books ..... . 
Pound-nets; 14 gangs, comprising 17 books and 
l weir. 
26 weirs ................................... - . - - • • 
7 weirs .. . ..........................•............ 
35 weirs, l gang-net . ........... . ............... . 
30 WHirs ..... . .... . ........................... • • 
15 weirs .... . ............ . ..................... - -











Totals . .............................. 114 weirs, 42 gangs of nets, &c......... .. .. ... . . . 13,690 
Nothing is known of the number of salmon caught above Oldtown. A 
due allowance for this omission: and for certain fishing-stations where 
it was impossible to obtain correct statements, would probably swell the 
total to 15,000 salmon. 
In comparison with the yield of many preceding years, this is a very 
large increase; though unfortnuately, in the absence of data for an exact 
estimate: no very precise statemeut can be made as to the degree of in-
crease. At Rockport, the past season was the best since 1868, tbe catch 
of four nets being 300 salmon in 1868, 130 in 1870, an<l 190 in 1873.* In 
Uamdeu an<l Li11colnville it was better than usual. On Long Island the 
cateh was one-third above the average.t The two weirs in Searsport 
were comparatively unsuccessful, while the single one on the western 
side of Sear's Isbnd <lid much better than usual. On the west side of 
Cape ,Jellison, as has been already stated, salmon were caught in greater 
numbers than usual, while some of the weirs on the south side caught 
fewer. t In Oastiue Harbor the catch was far below the average, while 
from this point up the east shore of the bay it was considerably above 
average. Iu all parts of the river, except here and there a weir, the in-
crease was very marked. In the vicinity of Bucksport it is commonly 
" Statement of J. McIntire. 
t Statement of Benjamin Ryder. 
:j: Statement of James M. Treat. 
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thought to have been the most successful season for twenty years. An 
· , . i>ection of the record of weirs N os.161 and 162, at the south end of Wet-
more Island, (given below,) shows that it was the most successful season 
during all the time (eighteen years) covered by tbe record. In some 
localities, where in ordinary years very few salmon are caught, they 
appeared in large numbers. The drift-nets above Bangor were unusually 
successful; and after all the decimation the ranks of the salmon suffered 
on the way, an uncommonly large number was observed on the upper 
waters and near the breeding-grounds. 
The following statement exhibits the yield, for thirteen years, of two 
of the best weirs on the Penobscot, the owner of which (Hon. A. H. Whit-
more, of Verona) has with commendable public spirit offered it for pub-
lication. Each entry is made at the time of sale., and includes all the 
salmon caught since the previous sale : 
TABLE XIII.-.Record of salmon sold tt from weirs Nos. 161 and 162, s00,th end of Wetmore 
Island. 
= '° 0 .... -5 
i -§i -§i ·s .... , ·s 
Date. 0 ~ 
, 
i ~ ~ ,.0 
I ; ! ~ ~ 
1860. 
Aprll21 .................. 1 181 18. 5 
~n~:::::::::::::::::: 1 lflt 16. 7 1 25! 25.7 1 2li 21.5 
~~ {t::::::::::::::::. 2 33 16.5 2 18i 9.2 
~rti::::::::::::::::::: 1 17½ 17.5 3 33 11.0 
i ij( \lll\\ll\ll\ \\ii ii 
2 :n 14. 7 2 10. 7 
9 109 12.1 
7 120 17.1 
7 87 12. 4 
1 11 11.0 
:f~: i ::::::::::::::::::: 10 122 12. 2 2 20 10.0 
Jone 9 ................... 11 146 13.2 
.Tune 11 •••••••••••••••••• 9 105 11.6 
Jone 14 ........ . ......... 12 145 12. 0 
Ja.nel5 .................. 6 72 12. 0 
June 18 ................. 12 172 14. 3 
186l2. 
Ja1: · 5 • • • • • • .. • • • • • • • . i 38 19. 0 
.~I • I •• • . • •• • • • • • • • • • • 1 19l 19. 5 











June 19 .................. 2 
June 21 .................. 4 
June23 .................. 5 
June 25 .................. 19 
June26 .................. 2 
JllDe 27 ·•••··•••••••o••• 4 
June 30 ············--~··· 8 






July 3 .................. . 
Ja.ly13 •••••••• •••••••••• 
Ja.ly90 ................. . 
July25 ................. . 































































12.6 ~·~ ~\::;;;;i=!!\ii\: . I ~ lij 
l ie I ::::::=::::::::::: ! : }~ ~ ll--------.i..---..L..--L.--
Jane 9 .... •• .•. .•••••... 7 1~ it: n-------s_u_MK_A_a_Y_. ------
June 19... ••• •• •• ••• •• . 11 156 13. 0 
June 14 ~ .. ... .. •• ••••• •• 4 114116 8. 6 lr(aJunYe·.·.·.·.·.·.·.·.·.·.· •• ·.·.·.·.·.•.·.·.. 18 27U 15. O JUDe 19 •••••• •••••••••••• '1 16. 5 97 11 175 12.1 
.June 23 ••• •• ••••••• ••••• . 19 !l39t 12. 6 July 48 526f 10. 3 
June 26 •··· ····· . ········1 14 159t Jl. 4 Aug····················· 2 25¼ 12. 6 
June 30 •••••• ••• ••• ...... 30 329 10. 9 1---1----1--
Jaly 1.......... .......... 8 88t 11. 0 Total ·-············ 165 1, 968¼ 12.1 
• The aalmon were sold within a few days after oatohing, commonly within three 
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Record of salmon sold from weirs Nos. 161 an(l 162, BOU,th end of Wetnwre Islanl1-Cont'd. 
Date. 
18G3. 
]\fay 14 ........•..••.•.••. 
1\lay 2:i ..•................ 
l\Iay28 .................. . 
1\lay 30 .................. . 
June 1. ................. . 
Ju11e ,1. ••••••.•••.....•• . 
June 6 ...••.•...•...•.... 
J1111e 11. ................ . 
Jnne 13 ................. . 
June 15 ................. . 
June 16 .................. . 
June 22 ...••............. 
June 25 ................. . 
Jnne 27 .....•............ 
Jnno 29 ................. . 
lillt L~:);;;):::: 
1864. 
May9 ................... . 
MaylO ..................• 
Mayll. .........•........ 
May18 .................. . 
May 21. .•.........•...... 
May 26 .................. . 
May30 .................. . 
Juno 2 .••••••.•••••.••••• 
June 4 ......•....•....... 
June 6 .................. . 
June 9 .................. . 
June 11. ...... , ......... . 
June 13 ................. . 
June 16 ................. . 
June 18 ................. . 
June 20 ................. . 
June 23 ................. . 
June 24 ................. . 
June 27 ................. . 
1865. 
~~~1:.:: :: : .·::::::::::: 
~~~ i~ : : : : : : : : : : : : : : : : : : 
May 24 ................. . 
May 29 ................. . 
June 1. ................. . 
June 5 .................. . 
June 8 .................. . 
June 10 ................. . 
June 11. ........•.•...... 
J,me 12 .•...•••.•..•.... . 
June 15 .................. . 
June 19 ...........•...... 
June 22 ................. . 
June 26 ........•......... 
June 28 .....•............ 
June 29 ................. . 
Julyl .......•........... 





































































2 j ,_q 





0 C: ... ~ bD 
bl) p-
<1 -<I 
8¾ 8. 7 
2[) 14. 5 
103 11. 4 
75 12. 5 
111¾ 12. 4 
43 10.7 
102 11. 3 
44 8. 8 
106 10. 6 
56 11. 2 
77 9. 6 
137½ 9.1 
124½ 10. 3 
107¾ 10. 7 
82 R. 2 
250 10. 4 
55 9. 1 
8 8. 0 
22 11. 0 
18 18. 0 
34½ 17. 2 
20 20. 0 
10 10.0 
27¼ 13. 6 
38½ 12. 8 
85½ 17. 1 
35½ 11. 8 
65 13. 0 
49½ 9. 9 
35½ 8. 8 
35½ 11. 8 
113¼ 11. 3 
1G4 12. 6 
81 13. 5 
. G 6. 0 
98 14. 0 
50 10. 0 
63½ 10. 5 
13!- 13. 7 
18 18. 0 
18 18. 0 
28¼ 9. 4 
40 13. 3 
19 9. 5 
28 14. 0 
44l 14. 8 
194 16. 1 
66¼ 11. 0 
11¼ 11. 2 
94 13. 4 
33 11. 0 
196 10. 8 
llR¼ 11. 8 
200 )2. 5 
105 11. 6 
115 6. 0 
172 10. 7 
107 11. 8 






Date. ""' ~ 
ii! 0 ... 0 
<l) bO bO 





July 7 .................... 3 27½ 9.1 
July 9 ................... 11 120 10. 9 
.Julv13 ................... 26 160¼ 6.1 
July 15 ................... 2 18 9. 0 
July17 ................... 5 49½ 9. 9 
Jul.vlS ................... 3 27½ 9.1 
i~i~ ~~::::::: :: : : : : :::::: 4 46¾ 11. 6 5 46 9. 2 
July27 ................... 1 9¾ 9. 7 
SUMMARY. 
May ...•...........•..... 18 11. 9 
JunE\ .........•........•.. 96 10. 3 
July . - ---.. ., -. . -......... --... - 93 10.1 
---- ------
Tota.I ..........•.... 207 ............ 9. 8 
1864. 
June 30 .................. 9 107 11. 9 
Jnly2 .............•...... 5 46½ 9. 3 
July4 ........•..•..•..... 2 16½ 8. 2 
i~~n:::::::::::::::::::: 2 23¼ 11. 6 2 16i 8. 2 
July9 ...........•••...... 2 17 8. 5 
Julyll. ..........•...•... 5 80½ 16.1 
July 23 ..•••••.•.•••.•••.• 1 7 7. 0 
SUMMARY. 
May .••........••........ 15 15. 5 
June .....••.............. 77 11. 7 
July .....•.•...•......... 19 10. 9 
----------
Total ..•...•....•.•. 111 ......... 12.1 
1865. 
July 4 ...•......•........ 14 140~ 10. 0 
July 6 .......•........... 3 30 10. 0 
July 7 .... . ...• . ......... 3 32 10. 6 
July 10 .•..•............. 3 26½ 8. 8 
July 14 ...........•...... 1 9!- 9. 7 
Aug·ust 4 .............•.. 1 16 16. 0 
August 5 ...........•.... 1 10 10. 0 
SUMMARY. 
.April. ..............•.... 1 13. 7 
May ............•...•.... 10 12. 3 
June ............•........ 106 11.3 
July .....•..•.•.•.•...... 49 10.5 
August ..••...••..•...•.. 2 13. 0 
----------
Total ......•.•.••••• 168 ............ 11. 2 
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Becoril of salmon solil from wei1·s Nos. 161 and 162, south end of Wetmore Island.-Cont'd. 
Date. 
1866. 
April 22 ........•••.•.••. 
May 17 ••••••••••••••.••• 
~i * :::::::::::::::::: 
May 31 ••••.••••.•••••••• 
June 2 .•••••••••••••••••• 
June 8 ••••••••••••••••••• 
June 11. ................ . 
June 14 ................. . 
June 15 ................. . 
June 18 .•••••.••••••••••. 
June 21. •••••• 
June 23 ................. . 
June 25 ................. . 
June 26 .••••••••••••••••• 
June 27 •••••••••••••••••• 




June 3 .................. . 
June 6 .................. . 
June 8 ................. .. 
June 10 ................. . 
June 12 ................ .. 
June 15 ................. . 
June 17 ................. . 
June 18 ................. . 
June 19 ................. . 
June 20 ................. . 
June 22 .••••••••••••••••• 




June 1 .................. . 
J110e 4 ............... . 
Jane ................. . 
J110e6 . . .............. . 
June ... . ......... .. 
June 1 . . ........... . 
J110e 10 ... ..... ........ . 
June 12 ............. .. 
June 13 .............. . 
June 1 ... 
J11DE' ]6 . .. ••• .......... 
I 1, 17 ... . .. , .,,.,.,, 
1111 I •• •• • • . . ...... . 
fa 1 . ................ . 












































































































































July 2 .................. . 
~;j~ ~:::::::::::::::::: 
i~~ ig ::::::::: ::::::::: 






























April .................. . 
May ................... . 
June ................... . 
July .................... . 
Total ............. . 
1867. 
18. 0 June 25 .................. . 
20. 5 June 27 .•••••.••••••••••• 
17. 2 June 28 ................. . 
l;:g i~l~ ~ ::::::::::::::::::: 








































11. 0 lH !i~ !L)::::;:::::i: 
u:g 11--'----------'-----'----'----






























1~!1::::::::::::::::::::: 2:~ ~!:! 
July······--···----······ 31 9.6 ----1- ---L.--
Total............... 288 11. 4 
1868. 
I:iH ::::::::::::::::::: 
i~l~ ~ ::::::::::::::::::: 
July9 .................. . 
July 12 ................. . 
July 15 ................. . 
July 16 ................ .. 
July 19 ................ .. 
July 31 ................. . 
Auguat2 .............. .. 
Auguat7 ............... . 
Auguat 10 .............. . 














































tl:~ ~le::::::::::::::::::::: l~i ~:J 
&.O July..................... 1:12 11.3 ~! I Augoat .................. -~ _____ 8._7 
11. 7 I Total .............. . 257 ....... . 12.1 
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.April 21. ....•............ 
.April 29 . ........ . ....... . 
.A.pril30 ...•.............. 
May3 . .................. . 
Ma_y13 . .....•...•.•...... 
}.fay 16 . ...........•...... 
May24 ........•.•.••..•. 
May26 .................. . 
May30 . ................. . 
June 2 . ................. . 
June 4 ................. .. 
June 6 . •••••...•...•..••. 
Jnne 8 . ................. . 
June 11. ....... ......... . 
June 13 ...•.•............ 
June 15 ................. . 
June 16 .....•............ 
,Juno 17 ................. . 
June 18 ................. . 
Juno 19 ................. . 
Juno 20 ................. . 
June 22 ................. . 
June 24 ................. . 
June 25 ................. . 
1870. 
.April 19 ................. . 
AprilZ7 ................. . 
May 11 . ................. . 
May12 .................. . 
May 18 . ..........•....... 
t:;~i:: ::: : : :: :::::::: :: 
May23 .................. . 
May25 . ................. . 
May 26 . ................. . 
¥uaJ/i: :::: :: ::::::: :. : : : 
Juno 2 .................. . 
June 6 .................. . 
June 7 . ................ .. 
Jnne 9 .................. . 
Jnno 12 . ............... .. 
,June 13 . ...••............ 
Juno 14 ................ .. 
June 15 . ....•.••......... 
Jnuo 16 ...•.•.•.•.•...... 
Juno 17 ..... ,. .......... . 
June 20 ................. . 
June 22 ................ .. 
June 24 ................. . 
Jnne 25 ................ .. 
June 26 . ................ . 
June 27 ................ .. 
June 20 ................. . 
June 30 ................. . 
July 1 ............•...... 
A a.i 
0 ~ ui s bO ~ 
~ ·s .~o 
~ 0 .... ~ 0 .B Date. ... C: 0 
~ bO co .0 Q;, f s Q;, 
A $ 
2 0 ..=l s -~ ~o ] Q;, 
I:: ·z Ci-; 
~ 0 $ ... C: Q;, 
0 bO ~ .0 Q;, s ,.. ,.. Q;, t't 
~ b.0 
_. 






1 1!.Ji 19.7 ,June27 ................. . 9 98 10. 8 
1 18¼ 18. 2 Jnne 29 ................ . 5 59 11. 8 
5 42i 8. 5 
6 5::i} 9. 2 
5 54¼ 10. 8 
2 17¾ 8. 8 
2 37½ 18. 7 Jnl_y 3 ................. . 
1 17½ 17.5 July4 .................. . 
3 55½ 18. 5 ,July 5 .................. . 
1 ................ 'July 7 .................. . 
1 18 18. o Jul.v 9 .................. . 3 28¼ 9. 4 
1 fl¾ 9. 7 July 11 ................. . 4 41½ 10. 3 
14 161 11. 5 
5 53¼ 10. 6 
2 25 12. 5 
2 30½ 15. 2 
2 32¼ 16. 3 July 12 ................. . 
1 7½ 7. 5 July 14 ................. . 
2 36½ 18. 2 July 15 ................ . 
1 10½ 10. 5 J ul_y 1 7 ................. . 
7 85½ 12. 2 Jnl.v 23 ................. . 1 8¼ 8. 2 
1 10¼ 10. 2 
15 207 13.8 ll-----------------~--
8 90½ 11. 3 
4 45 11. 2 SUMMARY. 
2 20½ 10.2 11--------- ~-----~--~---
3 3(i¼ 12. 1 
9 111- 12.3 
1 8 8. 0 
6 59½ 9. 9 
4 441 11. 1 
5 65 13. 0 




















































.April ................... . 
May .... . ............... . 
June .................... . 
July .................... . 
Total .............. . 
1870 . 
Jnly 3 . ................. . 
Jnly 4 ................. .. 
Jul.V 5 ....... ........... . 
Jul_y 8 .................. . 
,Jnl.v 12 ................. . 
Jnly 15 ...•.............. 
July 16 ................. . 
Jnly 18 ...... . .......... . 
July 22 ................. . 
,July 26 ............. __ ..• 
August 2 ............... . 
.August 4 ............... . 
Angust 5 ....•..••••••••• 
August 7 ............... . 
Augnst 10 ............. .. 
Augnflt 11 . ............ .. 
August 12 .............. . 













































































































,Jnuo .................... . 
July .................... . 
.August . .....•..•.• . ..... 
Total .•••••......... 
3 17. 0 
18 15. 0 
122 13. 6 
31 12. 3 
15 9. 4 
193 . .... ... 12. 5 
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Record of salmon soldfrorn weirs Nos. 161 and 162, south end of Wetnwre Island.-Cont'd, 
Date. 
1871. . 
April 17 .....••..•...••••• 
~~~:::::::: :.:  : : : : : : : 





~t :!: :::::::::::::::: :: 
June31. ................. . 
June 2 .•••••••••••••••••• 
June 3 ....•••.•••.•...... 
June 5 ..•.•••••.•••.•••.. 
June 8 ..•..••••.•..•...•. 
June 9 ........... ! ...... . 
June 10 •..•••.•••.••.•... 
June 11. ..•••.••••..••..• 
June 12 .•.•••.•••••••.••. 
Jane 14 •••••••••••.•••••• 
June 15 .••••••••••••••••• 
1872. 
~:~i:: :::::: :::::::::::: 
May 10 .••••••••••••.••••• 
mi:::::::::::;:::::::: 
June 1 .....••..•......... 
June 4 ................. .. 
June 5 ................. .. 
June 8 .••••••••••••••.••• 
June 10 ................. . 
Jnne 11. ................ . 
June 12 .........•......•. 
Jnne 13 .•.••••••••••••.•• 
June 14 .•..•••••••••..•.. 
Jnne 15 ................. . 
Jnne 17 ................. . 
Jnne 18 ................. . 
June 19 ••••••••••••••••• 
June~ ............... . 
June 21 ................ . 
Jone~ ................ .. 
June if .••••••••••••••••• 






































































































































June 17 ..••••.•••....••. 
June 19 ..••.••••...•••.• 
June 20 ..••••..•....•.•. 
June 22 .••••••••...••••• 
June 23., ••••.•••••..... 
June 25 .•••.••...•••.•.. 
June 26 ................ . 
June 28 ...•............. 
July 1 .. , .... ·•········· 
~j~ L:::::::::::::::: 
Juty· 6 •••••••••••••••••• 











April ................. . 
fu~ra::::::: :::::: ::::::: 

















































































15.a Total. ............ . 112 ...... .. 13.2 
1872. 
19. 3 June 26 ................ . 
21.2 June 27 .••••••.••••••••. 
9,5 June 28 ..••..........•.. 
20. 8 Jane 29 ••..••.••••.••.. 
m Iiirn~}/i!Jiii\ 
11. 9 July 10 to 19 .••.•••••••• 
14.. 7 July20 ...•..•••.•..•••.• 
2 17 8. 5 
2 23 11. 5 
8 105 13. 1 
14 
9 ···127f ""'"i4.·i 
5 52 10. 4 
3 3li 10. 5 
10 12; 12. 3 
6 6 11. 0 
2 36 18. 2 
8 97! 12.1 
23 279 12.1 
2 28 14. 0 










iaJe:::::::::::::::::::: 1~ i&~ 
July.................... 68 12. 3 
1---Ji----J.---
Total.............. 219 13, 2 
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R('rorcl of 8a7 111011 8olcl frorn weirs Nos. l (il a11cl 1G2, 8onth encl of Wetmore Islancl-Cont'd. 
Date. 
18i:J. 
111ay 1 .................. . 
niay 5 ................. .. 
1\Iay tJ •••.••.•••••.•••••. 
Jl,lay B ............•...•.. 
]\fay I:! ................ .. 
)[ay 15 ................. . 
May l!I ................. . 
lHa,\·:!l . ................ . 
?.Iay 2:! .....•...... - ... ·· 
)[ay 2li ...... ·····•······ 
May 27 ................ . 
1\Iay 21' ................. . 
,J1111e 2 .................. . 
Jnuo;i .................. . 
Jn1w7 ................. . 
Juue!I ................. .. 
Juli<' 11 ................. . 
Ju110 12 .....•.•.•.....••. 
June 1:1 ..•.••...•.•...... 
June 14 ................. . 
June Hi ...••..•.••.••.••• 
June 17 ..............•••. 
Juno 1/l ................. . 
JnnoHI ................. . 
June20 ................. . 
Jn11021 ...•••.•.•.....•.. 
June2:l ................. . 



















cL ~ -1 ----
3 54½ IR. 1 
2 3!)~ 19. 7 
3 50~ lG. 8 
1 12~ 12. 5 
1 !J¼ !J. 2 
2 36} 18. 2 
3 4fl¼ lli. 4 
3 29} !). 8 
3 sq 17. 1 
2 21¼ 10. 7 
1 1:H 1:3. ;i 
4 53¾ 13. 4 
9 127 14.1 
12 158 U.1 
12 17li½ 14. 7 
3 41 I:i.G 
!J 121 1:1. 4 
8 123 1:i. :J 
G 76 12. G 
8 !)!J 12.1 
1G 202 12. fi 
11 15G 14.1 
9 lOH½ 12. 0 
5 71½ 14. 3 
7 85 12.1 
:38 ·····--· -------· 
10 144 14. 4 
40 
5 tirl½ 13. 7 
15 203¼ 13. 5 
Date. 
1873. 
. Juno27 ........••••••.•.. 




. ~ ~~ir ~ : : ·_ ·. ~ ·. ~: ·. ·_ ·_ ·. ·.:::::: 
1rnrn+::t\ 
I ,July 15 ......•...•....••. 
I :f ~:N: }~ : : : : : : : : : : : : : : : : : : 
July 17 ................. . 
,July 26 ................. . 
,ruly 30 ................ .. 





























































nfay ........ ·········•··· 
June ................... . 
July ...............•..... 
Total ............... . 
28 421¼ 
270 2, 581¾ 
151 1, 720¼ 
449 4, 7:23¾ 


































Salmon were plenty in this river 'fifty years ago, and considerable 
numuers were caught twenty.five ;years later. But they gradually 
ceased to frequent the river, and for the last ten or fifteen years 
they have rarely been seen in it.* Since the lmilding of the dams that 
have mainly contrilmted to the extermination of the salmon, fish-ways 
have been maintained for alewives, and have answered their purpose 
passably well, but they do not appear to have met the requirements of 
salmon. 
15.-MEDOMA.C RIVER. 
This river was originally the ureeding ground of the salmon and ale-
wives, uut not of shad. Salmon were abundant, more so than in the 
Saint George. Sixty years ago the inhabitants used to dip them below 
the lower dam at the head of the tide. More recently, the owner of a 
mill further up the stream, at the upper dam in Waldoboro' Village, 
used to catch them by shutting his gate and taking as many as a dozen 
at a time from a basin in the rock below the dam, in which they were 
left by the subsidence of the water. For the past .forty years it is be-
* Letter of A. M. Wetherbee. 
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lieved that not a single salmon has been taken in the river above the 
flow of the tide, but occasionally, within twenty-five years, one has 
been caught in a weir nearer the mouth of the river. Three dams at 
Waldoboro' Village, one at the head of the tide and the other two 
within a third of a mile of the first, effectually prevent the ascent of all 
migratory fish.* 
16.-SHEEPSCOT RIVER. 
This river appears to be well fitted for the production of salmon, and 
in old times they frequented it in great numbers along with alewives 
and shad; but, as in other cases, the construction of impassable dams 
has cut them oft' from their main breeding-ground, and nearly extermi-
nated them. This happened at an early day. For many years, however, 
salmon have come in small numbers each year to the dam at Alna. 
Twelve or fifteen are said to have been caught there in 1872 and 1873-
a larger number than usual. Probably they find a very small breeding-
ground below the dam. 
17 .-KENNEBEC RIVER. 
In its original condttion, this river was the second in the State of 
Maine in the number of salmon yielcled by its :fisheries, and in the facilL 
ties it afforded for their reprocluct.ion. No serious natural impediment 
exb;ts to their ascent up the main river as far as 0arratunk Falls, in the 
town of Solon. At this point there is a precipitot1s fall, lG~ feet high, 
which was a serious hinderance to them, but was not impassable. The 
whole river falls into a chasm in the leclge less than GO feet wide and of 
great depth. Leaping obliquely from this chasm, the salmon would 
rise into the air to a height of 10 or 12 feet, and strike the body of falling 
water at a point where its velocity was so small that they could stem 
it successfully. This was often witnessed, but it is supposed that only 
salmon of exceptional strength could accomplish the feat. Once above 
Carratunk Falls, a vast extent of breeding-ground lay open to them in 
the main Kennebec and its tributaries. Of the lower tributaries, their 
principal rmmrts were in the Uarrabassett and Sanely Rivers. The Mes-
salonskce was closed by a precipitous fall of 40 feet a few miles above 
its mouth. The SebaHticook, though an excellent shad and alewife 
river, was not well fitted for salmon. Tradition says that they ascended 
the CobboR.c;;eecontee. 
In the <lays of their abundance, the main fisheries for salmon were 
within ~o miles of the mouth of the river, at \Vaterville GO miles above, 
and at Carrntunk Fall:,,. At the latter place, clip-nets were used on the 
fall~ all(l cl rift-nets just below. It was easy for two men to load a boat 
with salmon here in a <lay. At WaterYille, just below Ticonic Falls, a 
large number of <lrift-nets were plied every season. As many as 82 
"Letter of F. M. Everleth. 
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have been counted at work at one time; but the average was not over 
40. They took several thousand salmon in a season. Other drift-net 
fisheries existed at Augusta and various other points on the river. The 
fisheries near tbe mouth of the river were carried on with set-nets and 
wei~s, the former coming into use much earlier than the latter. No ex-
act statistics of their catch have been obtained. The use .of nets was 
not confined to the river. Several were set quite outside its mouth on 
Hunnewell's Beach. At Cape Small Point, 6 miles west of the river, 
there were several nets set, and one trap or pound-net is still in use at 
Bald Heaq, for the capture of various species, among which salmon are 
accounted of considerable importance. The salmon-fisheries of the 
Kennebec were in a :flourishing condition in 1873, when the dam at Au-
gusta was completed. For a few years after that they continued plenty, 
and then rapidly declined until they almost disappeared. The drift-net 
fishery at Augusta was for some years abandoned because of the 
scarcity of salmon. The decade from 1850 to 1860 is generally believed 
to have been the period of greatest scarcity. In 1866, 1867, and 1868 there 
was a marked increase, the latter year being by far the best since 1850. 
After that therQ was another decline, 1870 and 1871 being poor years. 
In 1872 and 1873 there has been another increase, which far ~urpasses 
that of 18G8. It was also remarked on the Kennebec as on the Penobscot, 
that the salmon of 1873 were of au uncommonly large size on the av-
erage. 
At the present day, salmon are caught in weirs in the lower part of 
the river and drift-nets at Augusta. The drift-nets, rarely over two or 
three of them in operation at once, are plied solely for salmon, and, the 
Augusta dams holding them firmly iu check, the number caught in 
favorable seasons probably amounts to several hundred. The weirs are 
all below Richmond. They are in general built more for the capture of 
alewives and shad than for the salmon. Those that yield · the most of 
the salmon are below Merrymeeting Bay; the best of all being near the 
mouth of the river. The number built below Bath in 1873 was 23, just, 
the same number as in 1867, but a falling off from the next succeeding 
years; there having been 33 in the same district in 1868, and 26 below 
Lee's Island in 1869. These weirs are in no essential particular different 
from tlrnse in use in the Penobscot. In Merrymeeting Bay, however, 
the kind of weir in common use is more like the herring-weir of the 
eastern part of the State, the fish being captured with a seine in a 
large pound. 
The inquiries made in regard to the number of salmon caught in 1873 
elicited the following items of information. One estimate places the 
number caught below Bath at 700.* From another sourcet I have a list 
of the fishermen below Phippsburgh Center, 14 in number, probab1y 
* Thomas E. Scott, of Georgetown. 
t D. D. Swazey, of Fort Popham. 
S. Mis. 74--21 
322 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 
· buildiug about that number of weirs, and a statement of the catch of 
each. The sum-total is 645, which would indicate that the preceding 
estimate was too small. Thirteen of these fishermen caught during the 
last three years the following numbers of salmon: 
Salmon. 
1871 ......... _ •.. - . . ... - . . . . . . . . . . . . . • • . . . . . . . . • . . . . • • . . . . . . . 154 
1872 ...•.....•....•....... - .....••. - . . . . . . . . . . . . . . . . . . . . . . . . . 237 
1873 .......... . , . -......... - . - - .. - ....•.... . ..••..•...... - . . . . 575 
Mr. S. W.Cushing, of Bath, dealer in fish, state~ that,in his opinion, the 
catch of salmon in the Kennebec, in 1873, is more than double that of 
any previous season for fifteen years excepting 1872, and very largely 
in excess of that year. On the basis of these several statements the 
following estimate of the catch of 1873 is submitted: 
Salmon caught below Bath. . . . . . . . . . . . . .. . . . . . . . • . . . .. . . • . . . . . 900 
Salmon caught above Bath. . . . . . . . . . . . . . . . . . . . . . . .. . . . • . . . . . .. 600 
Total ............ . .. _ . . . . • . . . . . . . . . . . . . . . • . . . . . • . . . . . . . • 1,560 
This is believed to be an approximation, though a rough one, to the 
true number. The yield of 1871, if we may take the etrperience of the 
lower part of the river as indicating the true ratio between that and other 
years, must have been less than 500. 
The artificial obstructions to the ascent of salmon as well as other 
fo,h are numerous and formidable. There are six dams across the main 
river below Carratunk Falls. Three of them are formidable obstruc-
tions. The dam at Augusta is 18 feet high, and would be absolutely 
impassable were it not for the lock provided for navigation. Through 
this a greater or less number of salmon passes each year. Almost 
every summer a few of . them pass the second, third, and fourth dams, 
and are seen at Skowhegan; au<l not infrequently they pass this point 
also. None of the dams are now provided with fish-ways. 
18.-ANDROSCOGGIN RIVER. 
In the natural adaptation to the growth of salmon, the Androscoggin 
is supposed to have been scarcely inferior to the Kennebec. In purity 
of water it is superior, and it has a much greater extent of gravelly 
river-bottom, swept by brisk current8, where salmon like to lay their 
egg8. Its disadvantages were its ,limcult falls. That at Lewiston, 
though it may have turned back the greater part of the salmon, was, 
nevt>rtheless, scaled by some that appeared at the foot of East Rumford 
Falls, where they encountered a series of cataract8 quite insurmount-
able. Direct testimony has been obtained only.to the fact of one or two 
salmon being taken here more than fifty years ago; but tradition has it 
that tlu•y were ouce very plenty in Swift River, a tributary that enters 
the Androscoggin just below the falls. They must have been early 
shut out from that part of the river. At LewiHtou they were taken as 
late as 1815. 
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Earl,Y in the present century the dams at Brunswick shut them out 
from all their breeding-grounds. Proba\Jly the Androscoggin salmon 
were utterly exterminated; for the few specimens now and then seeu iu 
the river are no more then we should expect to stray into it from the Ken-
nebec. These two rivers unite their waters in Merrymeeting Bay, into a 
broad arm of which each of them flows. In the southwest arm, or that lead-
ing to the Androscoggin, are commonly built about six weirs, in which 
shad and alewives are caught. Sometimes several years have passed 
without, a single salmon being taken by any of ·them. In 1873 there 
were four weirs in operation. One of them caught four salmon, another 
caught one, and two more were t,aken at the mouth of Catbance River, 
which point they probably reached without leaving the Androscoggin 
waters.* A single smolt, six inches long, was caught in the middle of 
the Androscoggin Bay,t a thing quite unprecedented in the experience 
of the fo,hermen of this region. Other specimens, supposed to be smolts, 
were caught near the falls at Brunswick. 
The two lower dams in the Androscoggin, both at Brunswick, have 
been provided with fish-ways. 
19.-ROYALS RIVER. 
Salmon ffeqnented this river regularly and in considerable numbers 
sixty years ago; but they have been shut out by several dams, the first 
of which is at the head of the tide. The last salmon seen in the river 
were taken twenty years ago in a weir. There having been no river-fish-
ing there since that time, it is not known whether any salmon have 
entered the river.t 
20.-PRESUMSCOT . RIVER. 
This is a river of uncommon purity, draining, as it does, the second 
lake in size in Maine, and receiving few tributaries below. Salmon, 
shad, and alewives originally ascended the river. Sa1mon were practi-
cally destroyed by the dam on Presumscot Falls, near the mouth of the 
river, very early in the present century. That dam was afterW'.1rd 
abandoned., and of late years salmon have occasionally been caught. Irr 
1866 four were caught at the Presumscot Falls with a dip-net. :En 1873 
a weir was maintained in the tidal part of tbe river, but took no salmon. 
In October two salmon were seen below the dam at Cumberland Mills, 
and, the flood-gates being open soon after, they probably passed up, and 
spawned near Sacarappa. A spent female salmon, of 13 pounds weig·ht 
was killed in November at the latter village, and a spent male of 14 
pounds above the dam at Cumberland Mills about the same time.§· 
There is a large number of dams on the Presumscot, but few of them 
are formidable. 
* Letter of William Rogers. 
t Letter of Robert Waid. 
t Letter of Frank Seabury. 
§ Letter of G. W. Hammond·:. 
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21.-RICHMOND'S ISLAND. 
This island is midway between the Presumscot and Saco Rivers, about 
three-fourths of a mile from the town of Cape Elizabeth. Between the 
island and the main-land is a sand-bar at times bare at low water. On the 
western side of the same for about twenty years a pound, or large :fish-
net, (a seine,) has been set, extending from the island to the mai_n shore. 
Every spring and summer each year, a few salmon (from six to twelve) 
have been taken with other fish, shad, alewives, &c.* 
These Richmond Island salmon can har<lly be referred to the Presum-
scot or Saco; for were these rivers to produce salmon enough to afford 
so many at a point so far distant from their mouths, there would cer-
tainly be a larger number found in the. rivers themselves. The Kenne-
bec is the nearest ri~er that produces any salmon, and was probably 
the native river of those caught at Richmond's Island, though this im-
plies a wide range along the coast, the distance being 26 miles. 
22.-SACO RIVER. 
Salmon used to ascend this river as far as Hiram Falls, and a good 
many were taken there in old timP-s. 
The Great and Little Ossipee Rivers, the principal tributrtries, were 
also frequented by tLem. The brood has been extinct for many years, 
and had become much reduced at least eighty years ago. 
There are many dams on the river; and those at Saro and Biddeford 
render the falls at that point, which were always difficult, quite insur-
mountable. 
Since 1860 there have been four salmon taken in the mouth of the 
river in shad-nets. Oue of these was caught in 1873. 
23.-MOUSAM RIVER. 
This small river was once very productive of salmon. The date of 
their disappearance cannot be fixed exactly, but it was doubtless very 
early. 
A dam was built across the river in Kennebunk in 1675, and since 
1720 there has been a dam at that point all the time. Alewive.s and 
sha,l are now caught near the mouth of the river, but no salmon have 
heen seen for many years. 
24.-PISC.A'.l.'AQUA RIVER. 
Formerly salmon were very abanl1ant in this river, breeding in the 
Salmon Falls Hiver in preference to other branches, although some of 
tlicm ran up the Cocheco. 
It is over two lmndre<l Jears since the Salmon Falls and some other 
branclJcs were obstructed by dams, and some authorities date the falling-
" Letter of N. Cummings, csq. 
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off of the supply of salmon as early as 1660. They were, however, 
by no means exterminated till a more recent date. 
A.s late as 1830 stray salmon have been known to ascend the river up 
to Salmon Falls dam, and to a lower point within twenty-five years. 
About thirty years ago a large-sized salmon was caught within a few· 
rods of the dam at the head of tide-water by one Moses Varney. Fish-
ermen near the month of the river say that in drawing their seines for 
other fish they have occasionally taken salmon. but it is not reported 
that this has occurred recently. 
25.-MERRIM.A.CK RIVER. 
Salmon originally ascended the Merrimack, and its main branch, the 
Pemigewassett, 150 miles, branching off into only one tributary, Baker's 
River, which enters the Pemigewassett at Plymouth. 
It is also reported that they frequented the Contoocook in small num-
bers. They were very abundant. before the obstruction of the river. 
Their extinction was gradual. In 1796 a good deal had been done in 
the way of dams, but they were either low or were wing-dams. By 1814 
there was great falling off as compared with twenty-five years before. 
By 1830 they were quitA scarce. In 1847 the Lawrence darn extin-
guished them, except a few each year that perhaps straggled from the 
Maine rivers. This river was the first to receive attention from the 
commissioners of fisheries first appointed in 1866. In that and the two 
following years the two dams in Massachusetts, at Lawrence and 
Lowell, and most of those in New Hampshire, were provided with fish-
ways. The greatest difficulty was experienced at Lawrence, where the 
dam is very high. 
In its first form, the fish-way was unsatisfactory. It has since been· 
remodeled, and various kinds of fish ascend it; but the difficulties in 
the way of getting a sufficient supply of spawn, delayed for some years 
the re-establishment of a br'ood of salmon in the river. 
26.-PA WTUXET .A.ND P.A. WC.A.TUCK RIVERS. 
The only information received about the former occurrence of salmon 
in these rivers is obtained from the reports of the Rhode Island commis-
sioners of fisheries, who state that salmon were plenty in them both. 
Vigorous measures are being taken to restore them, some 70,000 young 
salmon having already been distributed in their branches and those o 
the Blackstone. 
27.-THAMES RIVER. 
Salmon formerly frequented this river and several of its tributaries. 
On the Shetucket they used to be taken in considerable numbers thirty 
or forty miles above Greenville, but a dam at the latter place shut them 
out about thirty-five years ago.* In the Willimantic they were caught 
"Letter of William Story. 
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until 1822, when a dam was built across the stream, which prevented 
their coming up. Since then dams have been built across the other 
tributaries, and :finally one across the Thames its elf, which completely 
destroyed the salmon-fishery in the river and its tributaries.* 
28.-CONNECTICUT RIVER. 
Salmon ascended this river in the last century to a distance of three 
hundred miles from its mouth,t breeding in its headwaters and in vari-
ous tributaries, in New Hampshire and Vermont. They were plenty up 
to 1797. In 1798 the Upper Locks and Canal Company put a dam 16 
feet high across, just below the mouth of Miller's River. Within ten 
or twelve sears this extinguished the fish; that is, when all the then, 
iving fish had died.t 
The States of New Hampshire, Vermont, Massachusetts, and Connec-
ticut have since 1866 been making joint efforts to restore salmon to the 
river. Small lots of salmon-fry have, from time to time, been placed in 
it, and within two years several young salmon have been taken in the 
lower part of the river. It was not, however, until 1873 that any plant-
ing was made on an extensive scale. In the spring of that year there 
were distributed, by the State of Connecticut, a large number of fry in 
some of the lower branches of the river. The opposition of the proprie-
tors of the Holyoke dam, in Massachusetts, to the erection of a fish-way, 
entailed tedious litigation, which delayed the construction of the way 
until 1873. It is, however, now completed, and the commissioners of 
the several States interested are to place several hundred thousand 
sahnou-fry in the Connecticut and its tributaries in the spring of 1874. 
29.-HAMMONASSETT RIVER. 
In this little river, salmon were caught from 1663 to some date in the 
present century.§ 
30,-QUINNIP AICK RIVER. 
Salmon m~ecl to frequent this river, but disappeared at some date not 
aRcertaine,l. In the spring of 1872 a salmon weighing five and a half 
ponrulH was caught in a gill-net, set for shad near Wallingford. .Ano-
ther, w<•ighing over four pounds, was caught with a hook in the summer 
of 187:3 by l\Ir. Stephen P. Northrop, who was fo,hing for pickerel, with 
Jim bait.II The8e specimens were probably grilse that came from some 
of the hroo<ls of young fry introduced in recent years. 
• Lf'ttn of .J. Brown, of Willimantie. 
t Let tn of IJr. W. W. Fletcher. 
! Lf'!tt·r ofT. Lyman. 
~ Ll'tt1•r of William II. Burg\H. Hon. William H. Buell, of Connecticut, is authority 
for tl11• Htatnrwnt of tlH'ir actual presence. 
II L1·ttcr of 0 .. J. )lartin, es,1. 
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31.-HOUSA.TONIC RIVER. 
Salmon disappeared from this river many years ago. One correspond-
ent says they disappeared about 1800, and were plenty fifty years ear-
lier, not only in the main Housatonic, but also in the Naugatuck, its 
largest tributary.* Some four or five years ago there was one of seven 
or eight pounds caught below the dam at Stratford, and returned by a 
Mr. Shelton to the river above the dam.t 
E-NOTES O:N" THE GROWTH AND MIGRATIONS OF SALMON 
1.-INTRODUCTORY REMARKS. 
It is the purpose of this paper to present such facts as have been 
observed regarding the growth and migration of the anadromous sal-
mon of Maine, adu.ing some facts about the salmon of Canada by way 
of illustration, no attempt being made to compile from published author-
ities. This statement will serve to explain the meagerness of the nar-
rative. lu fact, the data for a history of the life of a Maine sal rnon are 
so excee<lingly scanty, that, but for assistance afforded by observations 
made in other countries, it would be largely au unguessed riudle. This 
paueity of material is in great part due to the early decline and present 
scarcity of the species, but, as regards some phases of growth, is believed 
to be owing to some peculiaT conditions, climatic or other, which affect 
the growth and habits of the fish. 
2.-THE NAMES APPLIED TO CERTAIN STAGES OF GROWTH. 
The nomenclature of the various stages of salmon-growth in use 
among sportsmen and naturalists in America is of British origin. Its 
application to American salmon presupposes an identity of habits in 
general, and so far as these have been investigated there is notlling to 
forbid that supposition. As it will be convenient to use several of these 
imported terms in this paper, their signification requires a word of 
explanation. " Parr'' is the term used to designate a young salmon 
not yet prepared for its first migration to the sea; its most obvious 
external characteristics are the dark transvf'.rse bars and red spots on 
tb.e si<les. In Scotland this stage lasts for a year in general, and some-
times for two years, and the length of the fish at its completion may be 
put dowu roughly at five to eight inches. '· Srnolt" is tlie name applied 
to salmon in the next stage, the commencement of which is marked by the 
disappearance of the bars and spots of the parr and the assumption of 
the silvery coat of the adult salmon. The smolt proceeds immediately 
"J. W. \Vebster, of Waterlrnry; his testimony corroborated by Will iarn A. Clarke, of 
Monroe, and R. S. Peck, of Newtown. 
t Letter of P. P. Curtys. 
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to sea and is seen no more until it returns to the river of its birth, 
weighing several pounds, say from two to six, when it receives the name 
of "grilse." It requires another journey to the sea and another season 
of feeding to produce the adult salmon. After each visit to the rivers 
for the purpose of spawning, the adult salmon returns to sea in an emaci-
ated condition, when it is termed a "kelt." 
3.-THE EGG ST.A.GE. 
The eggs of salmon are, in the rivers of Maine, deposited in October 
and November, in water whose temperature, through the winter and 
spring, cannot be much above 33° Fahrenheit, and does not rise materi-
ally until the snow is melted from the ground and the ice from the lakes. 
In the interior of the country, about the headwaters of the Penobscot 
and other large rivers, the ice in the lakes does not disappear until May, 
and I am coufideut that the general hatching of salmon-eggs cannot 
occur earlier. 
4.-THE P .A.R~. 
Of the infancy of salmon in our rivers very little has been observed. 
The specimens of parr and smolts that had come into the bands of 
naturalists previous to last summer may almost be counted on one's 
fingprs. On the Dennfs River, when salmon were abundant, a good 
many parr and smolts (parr 4 to 10 inches long) were caught on hooks 
b~- the boys at Dennysville, but, the number of adult fish having de-
elincd, the young fell off in a corresponding degree. Young salmon 
(parr or smolts) have also been taken in Little Falls Stream, in Ed-
mmHls, and parr in the East Machias. In Alna, in June, 18G9, a parr 
was taken in the Sheep~cot River, and, being confined in a trout-pond, 
it was, in December following, 6½ inches long, and still retained vermil-
ion spots on the sides, and dark transverse bars only a little less dis-
tinct than the spots. In the Penobscot River specimens of parr are 
occasionally met with. The State commissioners, in the course of a 
tour of im,pPction on the upper Penobscot, from July 22 to 28, 1873, 
fonnd them rising to the fly in almost every pool from the mouth of the 
jfattag-a.mon to Grand Falls, the upper limit of the ascent of salmon . 
• \.t )lt•dway, where the Mattagarnou joins the Penobscot, they found the 
t><•oplP catching them very commonly when fishing for trout.• Mr. 
Stihn•ll remarked that they seemed as plenty as he ever knew them on 
thr )Iiramichi iu the course of several seasons of fly-fishing. These 
fo;h W('re about six inches long, aml retained the transverse bars and 
brilliant V(•rmilion spots of the parr. 
'1'111' salmon-riwrs on the west side of the Gnlf of Saint Lawrence 
ahonrHl wit It parr. They takP the large salmon-fly intended for the 
adult to stl<'h an C'Xtc11t as to he often a nuisance to the anglcr.t ~Ir. 
• :--,•\·1•11tli I:,•port of tllf' Commi.'l8ioners of Fi!-!hericR, of the State of ::\faiue, p. 5. 
t :--1atc11w11t of Jw;. Carr, E . .M. Stilwell, \V. l\l. Brackett, auu others. 
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Norris* has observed that in rivers whose salmon are of large size the 
parr are also large; for instance, that they are much larger in the Grand 
Cascape<liac than in the Nepissiguit. In the Miramichi specimens 6 or 
8 inches long can be taken at almost any time during the fishing season.t 
In the rivers of the Gaspe district they are, in July, about six inches in 
length, and the smolts, of which a smaller number is caught than of the 
parr, are a little larger, and commonly retain some faint traces of the 
parr marks.t Some observers failed to find any specimens that had 
reached the ~molt stage.§ 
5.-THE SMOLT. 
Immediately on assuming the smolt coat, the young salmon is believed 
to go down to sea. In the Penobscot, smolts 6 or 8 inches long are 
taken in some of the weirs near Bucksport in May or early June, almost 
every year; but they are so rare that many a man has followed salmon-
fishing for a life-time without seeing one. In the Mirami.chi, Mr. Stone 
says that he saw thousands of smolts going to sea in July. In Nova 
Scotia, in the tide-way of Bedford River, near H:alifax, five young salmon 
were taken on the 20th of May, 1865. They were from 6 to 8 inches 
long, and were perfect miniature salmon in all respects, save a blunt 
nose and a vermilion spot or two, and some of them had spawn in them.II 
At Eastport, Capt. U.S. Treat takes a number of young salmon in his 
herring-weir every fall, mainly in September. They are ·then 6 or 8 
inches long. Captain Treat supposes them to come from Denny's River. 
In the East Machias River, at the bead of the tide, young salmon are 
often taken in dip-uets along with tomcods in December and January. 
A single specimen that I have seen was a smolt. 
From the common occurrence of parr at Dennysville, very near the 
mouth of the river, and at Bedford bridge, in the tide-way of Bedford 
River, and from the facts stated about parr and srnolts in Canadian 
rirnrs, it may be inferred that they reach the sea, in some cases, before 
the transformation into smolts. This would very naturally occur in 
short rivers, where all the breeding-grounds lie within a few miles of 
the sea ; and, though it is known that parr have been killed by experi-
mental immersion in salt water,,T there is nothing to forbid the supposi-
tion that the internal change which prepares the fish for life in the sea 
may precede the external change by which its new condition is recog-
nized. 
The facts stated above are quite insufficient to establish the period of 
the young salmon's stay in fresh water, but it is perhaps admissible to 
point out their tendency. It seems that those of different rivers do not 
"T. Norris, letter. 
t Statement of Jos. Carr, esq. 
:j: Statement of W. M. Brackett. 
§ Letter of T. Norris. 
II Dr. J. B. Gilpin, letter. 
'U Bertram's Harvest of the Sea, p. 195. 
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all reach the sea at the same time. In some cases, as at Eastport, they 
arrive in September, and if these specimens came from tb.e Denny's 
they may have left it in the summer. In the East Machias they are 
seen at the head of tide-water in the winter, and they reach the mouth 
of the Penobscot in the spring. In the latter river the parr observed on 
its upper waters in considerable numbers late in July were uniformly 
about six inches long, (this is only an estimate made from memory by 
the observers,) and can hardly have been less than fourteen months 
old, and it is quite reasonable to suppose that they should make their 
appearance at the mouth of the river the next spring, about two years 
from the time they hatched. But this theory cannot be confidently ad-
vanced on the strength of the disconnected phenomena thus far observed. 
6.-THE GRILSE. 
In the next stage of growth, that of grilse, there appears to be a 
marked difference between the habits of our salmon and those of more 
northern salmon. In the rivers of Canada, in general, grilse occur in 
great numbers, coming in from sea at a later date than the adults, but 
ascending like them to the upper waters, mingling freely with. them, rising 
to the same fly, and caught in the same weirs. The mesh of the nets is 
limited by law to a minimum size of 5 inches in extenso, and this being 
too small to hold grilse few of the latter are taken in the nets. To this 
circumstan~e it is in part owing that by the time the fish have reached 
those portions of the rivers suitable for angling, there is commonly, if 
it be late enough in the season, a great preponderence of grilse, so that 
more of the latter than of the former are taken by the angler.* 
In Nova Scotiat many grilse are taken in;the Shubenacadie River, from 
August to late in the fall. On the Miramichi, in New Brunswick, grilse 
make their appearance about July 1, and from the middle of that month 
till the end of August they constitute the main body of the salmon en-
tering the river. Their weight is on the average about three pounds.t 
Some sportsmen report the grilse caught to exceed the adults in the 
ratio of five to one.§ In the month of August in the Nepissiguit, Resti-
gouche, and Saint John, of Gaspe, grilse exceed the adults in the ratio 
of three to one. \I They run into the Nepissiguit mostly between July 25 
and September 1. Their scarcity during the early part of the angling 
season, or say previous to July 20, is attested by numerous fishing 
Rcores. ~ A series of scores of salmon-fishing in the Godbout River, on 
the north shore of the Saint Lawrence, shows that preYious to July 15 
"Lt'ttcr of \V. H. Venning, esq. 
t L1•ttcr of Dr. ,J.B. Gilpin. 
! Stat1•11u•nt of E. )I. Stilwell. 
§ Stat1•m1•11t of X. CnmrningA, oAq 
II Stah·mcnt of W. )I. Brackett . 
.- )Ir. ~orriH fo11111l 110 ~rilHe "in the angling AOaHon" in the Rcstigonchc and Grand 
Cascapediac, lint at what date he closed his fo1hi11g I do uot know. 
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or 20 the adult salmon taken with the fly in that river exceed the grilse 
in the ratio of 10 to 1, or more. 
In our rivers grilse are seldom seen. Three or four per year is the 
number caught in a weir in the Saint Croix, which takes about 70 
adults.* In the Denny's the ration of grilse to salmon caught is not 
more than one to 500.t In the Penobscot they are quite as rare, many 
a man having grown old in the salmon-fishery without seeing a single 
specimen.+ Adult salmon running in this river several weeks earlier 
than in those of Eastern New Brunswick, we should naturally expect 
the advent of grilse early in July in considerable numbers; but some 
of the weirs are often kept in operation until the middle or last of July, 
and sometimes even through August, when they take menhaden; but 
no grilse enter them. During the latter part of the summer the water 
at the several falls between Bangor and Oldtown is generally at a low 
stage, and the attempt of grilse, even in small numbers, to ascend the 
river, could hardly fail to be frequently detected. A E1imilar state of 
things exists in the Kennebec. There is no escaping the conclusion 
that the great run of grilse, which is so prominent a feature in the his-
tory of the salmon of the northern rivers, is almost entirely wanting in 
the rivers of the United States.§ It by no means follows from this that 
our salmon do not pass through the same phases of growth, or that the 
growth is more rapid; but merely that when in the grilse stage they 
generally lack the instinct that impels their more northern relatives to 
seek fresh water. 
Of the characteristics of grilse, as ascertained in the rivers they fre-
quent, it will be sufficient to say that they exhibit to a great degree the 
characteristics of the ad.ult; that the main external differences are, a 
shorter head, slenderer form, and a difference in the color and mark-
ings; that they are remarkably active and agile, leaping to great 
heights; that the male is sexually well developed and mates with the 
adult, but that the female is- immature; and that, like the adult, they 
abstain from footl and consequently lose flesh during their stay in fresh 
water. 
Of the length of the interval between grilse-hood and maturity our 
rivers afford no data for an estimate; and we must therefore be con-
tent with the supposition that it is nearly the same as in the case of 
Scottish salmon, and that this year's grilse is next year's adult salmon. 
If we also accept the Scottish conclusions as to the rate of growth of 
parr an<l smolts, we must assign to the growth from the egg to maturity, 
a period of two or three years. This must, however, await further ob-
servations. 
* Letter of L. Wilson. 
tLetter of B. Lincoln, esq. 
+ One old fisherman says that at Veagie be bas caught, in a dip-net, salmon only a 
foot long, with books on their jaws. Such instances are certainly rare. 
§Dr.Gilpin bas called my attention to the statement by Couch in" British Fishes," 
that grih;e do not frequent the rivers of Cornwall or, for the most part, those of Devon. 
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7.-THE .ADULT SALMON. 
(7 a.) The size of the salmon.-We come now to the adult fish, which 
is the only form known to most of our fishermen. When in prime con-
dition, they range in weight from 6 or 7 pounds upward. 1 n the 
Penobscot and Kennebec, and I think in other Maine rivers, this mini-
mum is rarely met with. In the Penobscot very few weigh less than 
9 pounds, and the most common size is from 10 to 12. The maximum 
cannot be definitely fixed. Salmon of 30 pounds are rare, not one out 
of a thousand weighing so much ; but occasionly one of 40 pounds or 
more is caught. In different rivers there is a variation in size. Those 
of the Grand Cascapediac, in Canada, are believed to be the largest of 
their species in America. Those of the Restigouche are large, those of 
the Miramichi smaller, and those of the N epissiguit smaller still. In 
the Clearwater, a small tributary of the Miramichi, they never exceed 
6 or 8 pounds.* · 
(7 b.) The migration up the rivers.-Salmon ascend the rivers of Maine 
in April, May, June, July, and August. Arranged according to the 
comparative abundance of salmon in them, these months would stand 
thus, viz: June, July, May, April, August; but perhaps in some cases 
May and July will change places. A great majority, perhaps two-thirds 
of the salmon, enter the rivers in June. Outside of the five months 
mentioned there are very few salmon ascending, but, judging from the 
specimens caught, it seems pretty certain that salmon in prime condition 
are running in from the sea every month in the year. They have been 
taken in a gill-net set for them at Buck's Ledge. near Orrington, and 
the smelt-nets at Bucksport and Winterport take now and then some 
prime salmon, together with some kelts, in January and February. Off 
the coast of Nova Scotia, Dr. Gilpin has remarked that there is a large 
catch of prime salmon in November. 
All the adult salmon that enter our rivers in early summer yield ma-
ture eggs and milt in the ensuing fall. Nearly 700 specimens caught 
in June and early July and kept at Bucksport for breeding uutil fall 
afforded not a single exception to this rule. The salmon taken outside 
the rivers iu the summer appear to be in the same condition as those in 
the rivers, and are probably bound on the same errand. The examina-
tion of a Hingle specimen, caught at vVestern Pond Island, the outside 
limit of the salmon-fishing 011 the east i-;i<le of Penobscot Bay, disclosed 
the exiAt(•llce of spawn in the i-;ame sta~e of developments as in the 
salmon takPn in the river; an1l it is a well-known fact that the salmon 
caught in PithC'r bay or river have (•mpty stomachs, a sufficient proof 
that tlw,v han' le-ft their fee(li11g-g-rom11ls, mul ground for the conclusion 
that th<·y are all 011 their way to the brecdi11g-gTomHls. 
As a g-t1w•ral mle, the rarl,r migratory i-;a.lmon arc the largm~t. An 
a\-cra:.w for the several mouths, from April to Jnl,r, at least, showH a 
"f;tatcwcut of E. :\1. Ht1lwcll. 
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steady depreciation in size. There are comparatively few salmon of ten 
to thirteen pounds weight caught in April and early May; but this is the 
ruling size of those coming late in ,Tune and in July, constituting what 
are called the" school-salmon," from their apparent tendency to move 
in considerable bodies. 
Of the sexes, there appears to be a greater proportion of females in 
the early part than in the late part of the season; but the similarity 
of the sexes among the early salmon is so great as to generally prevent 
their separation by external characteristics. By the end of June the 
males have assumed so much of the peculiar characteristics that mark 
them at the breeding-season that the sexes can be distingujshed with 
tolerable certainty. In the month of June the females are, in the Pe-
nobscot River, largely in excess of the males. 
In approaching the rivers, salmon swim near the surface, and are not 
inclined to leap into the air. In the early part of the· season they appear 
to move at a greater distance from the shores th an they do afterward, 
so that they frequently pass all the pounds and weirs of the estuaries 
and are first taken in the rivers, where the contracted breadth of the 
water or . some other cause induces them to run near shore. At the 
height of the salmon season, however, they appear to be coasting along 
very near the shore, so that where two weirs are built on the same 
hedge that near shore takes more salmon than the other. 
It seems that the main body of tb.e salmon proceeds at once to tbe 
vicinity of the spawning-ground . . In general, this may be said to be on 
the headwaters of the large rivers, but in the middle course of such as 
the Denny's. The earliest reach the limits of their upward migration 
on the Penobscot before mid-summer. 
(7 c.) Ohanges in the appea.rance of salmon while in fresh water.-
From that time until the spawning-season, they lie in deep, quiet 
pools, and frequently, no doubt, in the lakes traversed ·by the rivers. 
Meanwhile, a complete change takes place in their appearance. Both 
sexes lose the brightness of their silvery sides. The female becomes 
dark-colored, tinged to a slight extent with some shade of red or orange, 
aml with irregular spots of the same color. All parts of tb.e body fall 
away in flesh, except the abdomen, and that becomes distended with 
the growing spawn. The change in tbe males is more marked. They· 
become very thin from side to side, so that the widest part is near the 
gilLs. At the same time their depth increases, and the bead lengthens• 
The jaws become curved, and tb.e lower one is tipped by a large hook 
that shuts into a cavity in the roof of the mouth; sometimes, indeed 
making itself a bole quite through the upper jaw, and projecting above 
The curvature of the jaws is so great that they do not close except a 
the tips. The fins .become very thick and fleshy, the adipose dorsa 
greatly enlarged, and the whole body covered by a thick mucous coat 
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that almost conceals the scales. In color the males differ greatly both from 
each other, and from their own condition in early summer. Some are 
very light and some very dark. All are curiously mottled on the back 
with brown, green, or blue, and some shade of red. On the sides are 
groups of angular red spots, generally vermilion, but sometimes ap-
proaching scarlet. The whole lower part of the body is generally suf-
fused with a tinge of vermilion or salmon-red, with occasionally a ten-
dency to purple. The toughening of the fins and the growth of the 
mucous coating occurs also with the female, but to a less extent. This 
is their external condition when the spawning-season arrives. 
(7 d.) Habits of salmon during the spawning-season.-In the Penob-
scot spawning appears to begin during the last week in October. 
Such, at least, is known from direct observation to have been the 
time in 1870, in the Mattagamon. In the Miramichi the season is 
earlier, commencing about the middle of October.* Its progress, if 
the stage of the water is favorable, is very rapid. In the Miramichi, in 
1868, Mr. Stone found most of the salmon had spawned by October 20. 
Judging from what I saw on the Mattagamon, and during three seasons 
of artificial spawning at and near Bucksport, ~ should say that very few 
salmon would wait until after the 10th of November. But a good deal 
depen<ls on the stage of the water. If the water is low the salmon will 
often wait till rains raise it. A female salmon can retaiu her eggs for 
three weeks after they are ready to be laid, with little or no injury to 
them. 
Tile place generally selected for a spawning-bed is just above the 
verge of a rapid. Frequently, nay, commonly, there is a pool just above 
t, wllere the salmon can lie during the day-time. From the behavior of 
salmon at Bucksport, I should say that1 at the spawning-season, they 
would rnn down quite as soon as up, to find a suitable place to deposit 
their spawn, ai1d that they would ne-,er perform the operation by day, 
unless on a <lark, cloudy day. Having never observed a salmon of this 
species in the act of depositing the eggs, t I can only describe the appear-
ance of the nest after it is made. It is a simple excavation, two or three 
feet in diameter aud rarely over a foot deep, with the material that 
came from it piled by the swift current in a heap below. 
(7 e.) Habits of salmon at the end of the spawning-season.-Having fin-
ished spawning, pa.rt of the salmon probalJly drop immediately down 
river to the sea, and it is certain that part linger in the rivers until 
spring and desceml then. In the weirs on the Peuobscot a few of these 
desccmliug salmon are e-,ery sear caught, generally early in May. Of 
- -
• L. 8tont•, p. ~ Iii of thi!:I report. 
t A frt•Hh-water Schoo1lic Halmon excavatm1 the neHt by turning on the Hicle and flop-
piug viol1•11tly agai11!it tho hottom with thu tail. The female alouo does tho work, the 
male lyi11~ 1war her, driving offrival1-1 and prc<lacions fiMhos, an<l now an<l then taking his 
place for a 11101t1Pnt r·lo:ie hy her Hide. 
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the salmon placed in the pond at Bucksport and not caught out again in 
the fall, many staid of their own accord through the winter in the pond, 
and only left on occasions of floods in the spring. In the rivers of Nova 
Scotia the same phenomenon is observed.* 
(7 f.) The kelt.-The salmon seen on their return to the sea are always 
in miserable condition, thin, black, and weak, and poorer than at the 
completion of the act of spawning. The fish kept over winter in the 
pond at Bucksport lost in weight meanwhile, but had regained, to a great 
degree, the bright, silvery color of the fresh-run fish. 
(7 g.) Habits of salmon after leaving fresh wa.ter.-Of the movements 
of the salmon after this there is as little known as there is of their 
movements during the growth from smolt to grilse, and from grilse to 
adult. It can be safely said that they are feeding; but of the location 
of their feeding-grounds and of the nature of their food scarce any-
thing is known. At their disappearance and at their re-appearance their 
stomachs are alike empty of food, except in rare instances. At East-
port, Captain Treat has found herring as long as five inches, in the 
stomachs of salmon, and on the Penobscot some old fishermen tell of 
having occasionally found their stomachs full of "shrimps," by which 
term tliey doubtless mean some small crustacean. 'Ibey are also known 
to occasionally bite at the baits on cod and bake hooks on soundings. 
The length of their stay in the sea between the visits to the rivers is a 
matter of entire uncertainty; though it would hardly seem possible for 
the emaciated kelts that de~cend in the spring to recover condition ~oon 
enough to return the same year to the rivers. As some hundreds of 
specimens have been marked and dismissed in good health, as detailed 
in the narrative of the work at Bucksport, it is confidently anticipated 
that some of them will be taken on their return, and afford <lata for an 
ei-;timate of the length of their stay in the sea, and of the rate of growth 
meanwhile. · 
"Letter of Dr. J.B. Gilpin. 
TABLE. OF CONTENTS. 
Page, 
A. &Jmon~ulture from imported spawn •....•••...•••.•.••• --· ..•.••..• - •• • 226 
1. The appointment of commissioners, and their prelimina,ry work.... . . . • 226 
2. Operations in 1866 ••••••••••••••••••••• ~ ••• • .•••••••••••••••••••• - • • 227 
3. Operations in 1867...... • • • • • • • • • • • • • • . • . • . • • • • . • • • • • • • • • • • • • • • • • • • . 227 
4. Operations in 1868 .•••.•••••.•••••.•••••••••••••••••••••••••• · ••••• ~.. 228 
5. Operations in 1869...... •••• •••••• •••••• •••••• •••• •••• •••.• .••••• •••• 231 
6. Operations in 1870 • • • • • • • • • • • • •.• • • . • • • • . • • • • • • • . • • • • • . • • • • • • . • • • • . 2.31 
7. Operations in 1871, '72 • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • . • • • • • • • • • 233 
B. Salmon breeding on the Penobscot .•••••.••••••••••....••. ···••.·.•••••••• 233 
1. Preliminary considerations .•••.•••••••••••••..••. • . . • • • • • . • • • • • . • • • • • 233 
2. Operations in 1871 .•••••. ·--·-· ··---· ··--·· .••••• ···••,• ••••. ·••J• •• 234 
3. Operations in 1872.... • • • • • • • • . • • • . • • • • • . • • • • • . • • • • • • • • • • • . • • • • • • • • • 242 
4. The fecundation of eggs in large or small masses...................... 257 
5. The susceptibility of eggs to fecundation in water ..•. ·•••. •• • . . •• . • • • 258 
6. The susceptibility of eg~ to fecundation out of water .•••....•.•• ~... 259 
7. Duration in air of the fecundating power of the milt . . • • • • • . . • • • • . . . . 259 
8. Duration in water of the fecundating power of the milt.... . • • • • . • . • . • 259 
9. Duration of contact necessary to insure fecundation •••••.•••••• _ •. : • • 260 
10. Temperature of water and development of eggs . • • • • • • • • • . • • • . • • • • • . . 260 
11. Packing, shipment, and distribution of eggs.................... . • . • . . 262 
C. Tabular statements embodying observations on salmon and salmon-rivers in 
Maine • • • • • • . . . • • • • • • • • . • • • • . • • • . . • • • • • . • • • • . • • . • • . • • • • • • • • • • • . . . • 267 
Table I. Record of temperature at Craig's Pond-brook, Orland, Me., 1871. 267 
Table II. Record of temperature at salmon-pond, Bucksport, Me., in 1872. 271 
Table III. Record of temperature at hatching-house of Penobscot salmon-
breeding works, Bucksport, Me., 1872 and 1873.... •••• •••• •• •• .• .. •• 274 
Table IV. Observations on temperature of Penobscot River at and near 
Bue ksport, Me. •.•••••••••.••••••••••••• - . . . • • • • • • - • • • • • • • • • • • . . . . • 277 
Table V. Observations on temperature of water in Eastern River and 
Dead Brook, Orland, Me..... • • • • • ••••. - ••• -.•• -- • • • • . . • • • • 279 
Table VI. Observations on temperature in Sandy River, at New Sharon.. 279 
Table VII. Observations on temperature of water in the west branch of 
the Little Androscoggin River............................ . • • • . • • • • • 280 
Table VIII. Statement of salmon bought alive at Bucksport in 1872 . __ • ~0 
Ta"1e IX. Statement of operations in the spawning-eeaaon of 1872 at 
Bucksport .•••••••••.•••••.•••••••••••••••••••••••••••• __ ••.•••• _ • 282 
Table X. Experiments in transportation of salmon-eggs from Bucksport, 
Me., to Winchester, MM&...... • • . •••••.••••••••••••••••••••.••• _.. 287 
Table XI. Statement of the distribution of the salmon-eggs collected at 
Buobport in the season of 1872, and of the distribution of the young 
fish............................................................... 288 
D. Local history of salmon and salmon-ftshing in New England rivers...... • • • • 289 
1. General observations...... • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 289 
2. Tributaries of the Saint John's River...... • • • • • • • • • • • • • • • • • • • • • • • • • . • 290 
Aroostook River, (tributary) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 291 
Meduxnekeag River, (tributary) ••• • • • ••• •• • ••• • • • • • • • • • • • • ••• • • • • • 292 
TABLE OF CONTENTS. 33 7 
Page. 
:3. Saint Croix River ......................•.............. - - - - - - - - - - - - . - 292 
4. Denny's River .....••... . ..... ------ .....................•...... •--- 295 
G. Little Falls River .......................•........ -----· ........ ---·. 297 
6. Orange River ....................•.............•....... ·----·....... 297 
7. East Machias River .........•.....•................................. 298 
8. Machias River .................•..............•..........•...•.. ---- 298 
9. Wescongus or Pleasant River........................................ 299 
10. N arraguagns River ...................•...•. _.. . . . . . . . . . . . . . • • • . . . . . • 299 
11. Union River ......•..........................•.....••.......•••• ---- 300 
12. Penobscot River ...................•........................ ----.... 300 
18. Tabular statements of the capture of salmon in the Penobscot River.. 313 
Table XII. Statement of salmon caught in Penobscot Bay and River 
in 1873 .... _ .....•......••• _. • • • . . . . . . • • • • • . . . • • . . . . . . . • • . . . . . • . • 313 
Table XIII. Record of salmon sold from weirs Nos. 161 and 162, south 
end of Wetmore Island (Tables for 1860, 1862, 1863, 1864, 1865, 1866, 
1867, 1868, 1869, 1870, 1871, 1872 and 1873) .........••••..••.•.• __ .• 314 
14. Saint George River................................................. 319 
15. Medomac River ...... .... ...... ...... ...... ...•.. ...•.. .... ...... .. 319 
16. Sheepscot River ................ ---- ................ -----·.......... 320 
17. Kennebec River..................................................... 320 
18. Androscoggin River......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 322 
19. Royals River ..................................•.......... ·--.--•.... 323 
20. Presumscot River ............•............... _ ................•.. _.. 3~3 
21. Richmond's Island.. . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 324 
22. Saco River .............•...........................•.......... _... . . 324 
23. Mousam River. . . . . . . • . . . • • . • • . . . . . . • • • . • • • • • . . . • . . . • . • • . . . . . • . • • . . . 324 
24. PiscataquaRiver ........................................••••...••. __ 324 
25. Merrimac River .. _ ..................••............. _ .... _ .... _____ . . 325 
26. Pawtuxet and Pawcatuck Rivers .... __ .•.............. __ ... ______ .__ 325 
27. Thames River........... . . . . . . . . . . . • • • .• . . . . . . . .. . . . . • . . . . . . . • • • .• 325 
28. Connecticut River ... _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . • • . • • • • • 326 
29. Hammonasset River ...................................... __ ..•..•.. _ 326 
30. Quinnipaick River ....•. ····~- .............•..........••....•.. ____ 326 
31. Honsatonic River .......•.......... _ .... __ ...... _ ...... _ ... _. _____ .. 327 
E . Notes on the growth and migrations of the salmon .......... _ ... _ ••.. ___ •. _ 327 
1. Introductory remarks............................................... 327 
2. Na mes applied to certain stages of growth ...•......•....••.. __ •. _ •• _. 327 
3. The egg stage ........•.............. _ .................•..... ___ •• __ • 328 
4. The parr ....•.........•........•..••.....•.. - • . . . . . • • . . . . . . . . • • . • • . • 328 
5. The smolt .... __ ...• _ .... _ .....••.. _ .......•......... __ .•....•.. _ .. _ 329 
6. The grilse .. _ ......•..................................•••. _____ •.• _ . _ _ 330 
7. The adult salmon ..................•.•....•......•..... ________ .... _ 332 
a. The size of the salmonfi ..............••.....•.•.. ___ ..•••••••• _. _ 332 
o. The migration up the rivers .................................. ____ 332 
c. Changes in appearance of salmon while in fresh water .•••. ______ 333 
d. Habits of salmon during the spawning season _ ...•... __ • _ •. __ ••. . 334 
e. Habits of salmon ;at the end of the spawning-season . __ . __ . _ ..• _. _. 334 
f. The kelt. ·----· ..................................••.. ____ .•••.• 335 
g. Habits of salmon after leaving fresh water. ____ ...••••..••••.•.•• 335 
S. Mis. 7 4--22 
X.-ON THE SALMON OF MAINE. 
BY A. c. HAMLIN, M. D. 
1.-1.'HE LAND-LOCKED SALMON. 
[NOTE.-As containing some interesting information respecting the 
Salmonidce of Maine, especially the so-called "Land-locked salmon," I 
reproduce, by permission, the following article from Lippin~ott's Mag-
azine for May, 1869.-S. F. BAIRD.] 
SALMON-FISHING IN MAINE, 
A century ago the rivers and lakes of Maine teemed with the salmon 
and the trout. Not only were the great rivers and expanded lakes fre-
quented by these valuable :fish, but even the lesser streams that emp- • 
tied directly into the sea or its fiords, and the most distant tributaries 
that drained the wild forests and mountain-ranges of the interior, were 
stocked with incredible numbers of the Salmonidce. Since this time a 
great change has. taken place; and while casting our fly to-day in our 
exhausted streams, we can hardly believe the stories of our octogena-
rian fishermen relative to the vast shoals of fish they encountered when 
boys, or the still earlier accounts of the Jesuit fathers when they visited 
our primitive forests and attempted to found " La Nouvelle France." 
This almost complete extinction of the nob]est of fishes in this State 
is not the result of the workings of natural law, but due entirely to 
causes within the control of man. The torch, the spear, the seine, the 
barrier-dam of the lumbermen, and the choking sawdust of their mills 
have produced disastrous effects; and, in consequence, but few of our 
largest rivers contain now any salmon at alJ, and most of oar lakes and 
mountain-tarns have been despoiled of their trout. We may justly add 
to the above causes the introduction of the voracious pickerel-
" Tyrant of the watery plain." 
The area in this State originally occupied by this miniature shark was 
very limited, and we even have doubts whether it was to be found any-
where in Maine prior to the year 1700. Its appearance in the Kenne-
bec and Penobscot waters is a matter of recent history, and its ravages 
among our other fl.sh have been well observed. 
The migratory salmon enters now but few of our largest rivers; it 
ascends them in spring, and passes the summer and autnmn season like 
its prototype, the &lmo salar of Europe; but it seems to differ from its 
European brother in game qualities, for it generally refuses to take the 
bright, gaudy flies and the silver-sided minnows which are so success-
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fol in the bands of the British angler in the rivers of England, Scot-
land, and Ireland. There is no reason, so far as I know, why our fish 
should refuse the bait so tempting to his foreign brethren. Although 
disturbed at the mouths of the rh~ers by the fishermen with their weirs 
and seines, and harassed and injured by the floating sawdust in the 
current of the streams for a long distance. yet it finds deep, silent pools 
in the upper tributaries, which flow through the primeval forests, where 
the steps of men are seldom beard. And here, in the very depths of 
the forests and among the wildest glens, we might expect that success 
would attend the effort,s of the skillful angler, but history records but 
few instances of it. I remember a party of European sportsmen, who 
fished twent.v-frve years ago in the undisturbed pools of the Aroostook 
RiYer, catching but one salmon. I have seen the fish leap high into 
the bright sunshine after the natural flies as they played near the sur-
face of the water on a summer evening, and yet refnse the golden-hued 
artificial insects of tirn angler. 
Why the salmon should be so sullen, wary, or capricious I am at loss 
to comprehend; still, I am willing to admit that it is possible that in 
other seasons it might taike the bait with great readiness. A part of 
this singular wariness may be due to the injurious effect of sawdust in 
obstructing the re.spiration of the fish; for we know that Sir Humphrey 
Davy could catch no salmon in the rivers of Norway, whose waters 
were disturbed by mills and laden with sawdust, yet he was eminently 
~mccessful in Sweden, where the rivers were elear and unobstructed. 
On the Seine, the Loire, and other great rivers of France, the anglers 
cannot raise the salmon with their flies or minnows until they have 
reached the head-water streams, and all attempts at Paris and Nantes 
have failed. This circumstance should encourage our fishermen to per-
severe iu their efforts and seek the fountain-streams of our salmou-
rivers. 
But if we cannot boast of our success with the sea-salmon, we may 
truly exult over the game qualities of the mysterious fresh-water salmon, 
which inhabits five of our lake-systems, and which affords as fine sport 
as the best fish of the Tweed or the Shannon. This fish is less known 
to anglers than to naturalists, since the latter have quarreled over its 
classification and made known to themselves the range of its habitat. 
But the uaturalists have been very careful not to express themselves on 
paper, and hence the sporting fraternity have not been able to glean 
much from the scientific reports concerning the disputed fish. 
Nearly twenty years ago I learned from the hunters that the great 
lakes which supplied the Saint Croix River abounded with little salmou, 
whose boldness and activity delighted the few sportsmen who had ven-
tured to penetrate tbe lonely forests in which the fishing-places were 
situated.· A wild and extensive district of forest-land surrounded the 
iributaries and lakes of the weste~n branch of this river, and was unin-
habited save by a portion of the Passamaquoddy tribe of Indians. This 
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great tract of forest .embraced many thousand acres of land, and pre-
sented au extent of country ahout forty miles iq its greatest length by 
twenty to thirty-in breadth. More than twenty lakes ,appeared in this 
vast expanse o·f forest-land, and their tributaries and connected streams 
meandered or rippled through every part. At the period above men-
tioned the country exhibited all the wild freshuess and sublimity of its 
primeval beauty; the forest abounded with noble game, and the clear 
lakes and the limpid ancl sparkling streams teemed with fine fish. It 
was in reality one of the wi]dest parts of the State, and comparatively 
unknown, except to the bunters, or to the venturesome lumbermen who 
penetrate.d into the deepest recesses of our distant forests in search of 
the pine and the spruce. 
The glowing accounts which the hunters gave of the fish and the fish-
ing in these regions were too exciting to be overlooked by a lover of 
angling, and I resolved to devote the next college-vacation to examining 
these unknown waters and their precious finny tribes. Therefore~ the 
next September found me on the road which leads from Calais on our 
eastern frontier to the outlet of the chain of lakes in question, and which 
was about twenty miles distant. At the outlet I was to engage an In-
dian guide, aml pass up the lakes, by means of a canoe, to the nearest 
fishing-grounds, which were fifteen miles farther up the lakes. On 
arriving at the lower lake I enca.mped at the humble and solitary inn, 
which serves a~ a refuge in spring to the returning lumbermen, and at 
other times to the benighted settlers on their way to new homes in the 
upper valleys of the Saint John. The worthy landlord corroborated the 
stories of the lrnnters in relation to the fish, and sent up to the Indian 
town for Toma, whom he regarded as t}Je best hunter and fisherman in 
the tribe. The Indian soon appeared, and engaged to carry me in his 
canoe to the stream which empties from Gran<l Lake into the smaller 
lakes below. We arrived at the month of the stream the next morning, 
and, disembarking, we hid our canoe in a distant clump of alders, and 
shouldering our pa.ck, started on the old Indian trail which led to the 
outlet of Grand Lake, nearly three miles distant. The stream, as it 
flowed from the lake, rushed with considerable swiftness over the re-
mains of a decayed log-dam, and subsided a short distance 'below into 
broad, deep pools. The bed of the stream was of decomposed quartz, 
and heightened the clearness of the water, wh6se pure tints reminded 
me ot' the Rhone as it fl.owl!' from Lake Leman. Tall pines cast broad 
shadows acro~R the bubbling waters, and sharp ledges of rock here and 
there stretched across the stream and changed the clear currents into 
foaming cascades. Taken all in all, it was the beau-ideal of the angler 
.as a tront or salmon stream. · 
Laying aside our packs, we soon arranged our camp by stretching a 
.rubber blanket over poles stuck in the ground, and then collecting a 
pile of fire-wood to cook our food and warn the wolves away at night. 
While the Indian was building the fire I adjusted my rod, and attached 
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to the line a gaudy red fly. Creeping out on the end of a log which 
overlooked a deep eddy below the outlet, I cast the artificial insect out 
among the bright bubbles dancing gayly down the current. As the fly 
was descending in the air I had misgivings as to success, for no signs 
of life were visible in the crystal depths; but the moment it struck upon 
the surface a dozen silvery forms shot upward to seize it. A strong pull 
upon the line, and the hum of my reel made my heart leap for joy. 
Across the stream the little salmon dashed and leaped bis length into 
the air, shaking bis bead like a terrier in his efforts to free himself from 
the fatal hook. Down the stream he rushed, and agaiu sprang iuto the 
bright sunshine, appearing like a bar of polished silver, so white and 
lustrous were bis sides. Another unsuccessfuJ rush, and he plunged 
sullenly to the bottom, bat my tackle was too strong· for him, and I 
steadily reeled him in, and soon laid him safely on the shore. A more 
beautiful fish I think I never saw-at least so harmonious a combination 
of color and symmetry. 
'' Bring him up here,'' called out the Indian; '' me cook him." Toma 
took the fish to the spring, split it through the back, sprinkled it 
with salt, then laid it on a shield woven of al<ler twigs and exposed it 
to the beat of' the fire which be had just kindled. A little piece of pork 
stuck on the end of a stick, and suspended over the broiling fish, kept 
it constantly moistened with its droppings of fat. In a few moments 
the fish was cooked, and a more delicious morsel never went down a 
bun gr~· throat; really, at the time, I believed it superior to the salmon 
fresh from the depths of the sea; but something must be allowed to the 
success and enthusiasm of the moment, and the exhilaration produced 
by the balmy air of the forests and the delightful scenery around me. 
'' Now me show you how to catch fish," said the Indian, as he gulped 
down his portion of the broiled salmon. "Fish know me." Toma then 
pulled out from his bunting-bag a long and jointed salmon-rod, with reel 
and stout line, and some large flies which he had rudely made of the 
gorgeous feathers of the bumming-bird, the red-headed wood-pecker, 
the blue jay, and others of the gayly-plumed birds. of our forests: 
Clim bing to the top of one of the old, decayed piers of the dilapidated 
dam, which commanded a wide extent of the stream below, the Indian 
swung out his gaudy fly in the westerly breeze, and m~ide a cast, that 
would have delighted that prince of salmon-fishers, Sir Humphrey 
Davy. As the rude insect fell upon the foaming current, it seemed 
as though fifty little salmon sprang for it, their silver sides gJist-
ening in the pure water like flashes of light. The stricken fish sprang 
ont quirnring in the bright sunbeams, and made a gallant struggle for 
his life, but in five minutes more he was laid out lifeless upon the white 
sand of thP. shore. 
"There,'; said Toma, as be pointed out the beautiful colorR of the 
dying fish, "that fish brother to salt-water salmon, only he forgot to go 
to sea, but stay in lake instead.." · 
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Yes, I think the Indian is right, for on c~reful examination I find no 
deviation from the typical structure of the migrating salmon. One ob-
serves the sa~e linear markings, with trivial and transitory differences. 
The bony structure appears to be identical, and we find in the little fish 
fifteen rays in the pectoral fin, nine in the ventral, ten in the anal, twelve 
in the dorsal, nineteen in the caudal, and twelve branchiostegals-the 
same as in the great salmon of the sea. The formation of the head 
exhibits no radical difference, and the fish are perfect specimens of 
grilse. · I caught out of the same stream little parr and smoults, perfect 
fac-similes of the young of the Salmo salar. 
The most singular fact to be considered in connection with this fish is 
its weight, which in this lake never exceeds four and a half pounds, 
while that of the migratory salmon sometimes surpasses even sixty. 
As this fish has excited the curiosity of naturalists and caused much 
· discussion, we wip-consider the question of its identity at length, mak-
ing actual comparison of it with the migrating sea-salmon. 
After cautious dissection and •inspection of the fresh-water salmon 
from the five different systems of lakes in Maine, and after many com-
parisons with the migratory salmon, ·I have arrived at the opinion that 
it is identical with the sea-salmon known as the Salmo salar, and that 
radically there is no difference between them, save in the habit of visit-
ing the sea. Some may ask, Why should there be a departure from na. 
ture's laws, and how is this variety in particular preserved, when the 
slightest deviation from the regulations of nature often causes the death 
of the animal t Others will exclaim, Why have not other varieties arisen 
from the effect of similar circumstances ¥ In reply I will say that we 
observe great flexibility in nature's stern rules under the molding influ-
ences of man; and it is shown that certain effects of strange food, dif-
fering localities and temperatures, may give rise to slight deviations in 
form, color, and habits, without altering decidedly the characteristics of 
the animal. 
The localities of some of the Salmonidre are strangely circum~mribed, 
and their geographical area or habitat may be very limiLed. The Salmo 
hucho is caught only in the streams tha.t empty into the Danube. We 
do not believe, wit.h Pallat:J, that it occurs in the rivers of Siberia, or 
that it may l>e found in those which empty into the Caspian Sea. In 
the Tweed, the 8almo eriox, or bull-trout, is caugh"t as frequently as the 
salmon, ancl in the two rivers south of the Tweed there are fifty bull-
trout to every salmon ; but in the Forth and Tay, which flow into the 
sea farther north, the species is almost a stranger. The Salmo toma, or 
togue, is Rtrangely distributed in t,his State; for instance, it is not found 
in Sebec Lake, but abounds in most of the little ponds which are tribu. 
tar) , and which are also stocked with salmon. In Reed's Lake it is not 
found, although large ones are taken in its tributary, Philip's Pond, a 
mi f' distant. There are other examples in the State, but I am at a loss 
I) ·• ,, u· u thiri singularity in the distribution of the fish in quet:Jtion. 
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The gillaroo-trout is found only in the lakes of Ireland, and differs 
very little from the common trout in general appearance, except that it 
has more red spots aud a yellow btlly and fins, and is a little broader 
and thicker; but internally it has a different organization, possessing a 
large, thick, muscular stomach, which generally contains a quantity of 
shell-fish. The common trout of the same lakes is not altered in the 
structure of its digestive organs, and shell-fish are never found in its 
stomach. The goldie is said to be found only in Loch Eck in Scotland. 
So far as habitat is concerned, there can be no objection to the fresh-
water salmon of Maine being considered a distinct variety of the sea-
salmon. In placing these salmon side by side, we do not observe any 
great difference of form that may not be explained as the effect of food 
and locality. Age and increased size make a marked difference in the 
appearance of the bead and opercular apparatus, as may be seen by 
comparing a mun ber of salmon of different ages and weights. The 
scales of the pectoral region in the small fresh-water salmon are decidedly 
ellipsoid, but in the full-grown sea-salmon they are quite circular. Shall 
we adopt this as characteristic~ By no means, for we can find the ellip-
tical scales in the young· salmon, and explain the difference by the 
growth. If we take a number of salmon from different rivers, we will 
find differences in their general appearance, but not enough to j nstify 
an attempt at a new classification. 
It is thus shown that forms may vary slightly, and that naturalists 
shou1<l not regard mere variations as a mark of distinction. For illus-
tratiou, we will take the conger-eel of the British waters. If we con-
sider difference of head and color of body, we might· believe in the ex-
istence of several more species than are now recognized; for we may ob-
serve as much variation in the snouts of different individuals of the con-
ger-eel famil,y as there is between the sha,rp-nosed and the broad-nosed 
eel. Some specimens in the Edinburgh University Museum show elon-
gated and narrow proportions in the anterior part of the head, but in 
others t,he same outlines are comparatively short and blunt. 
The colors of fish are very capricious, and often depend upon local 
an<l aclrnntitious influences. The coloring matter is not in the scales, 
but iu the surface of the skin immediately beneath them, and is proba-
bly a secretion easily affected by the health of the fish, the quality of 
the water in which it lives, the light to which it is exposed, and the kind 
of food which it eats. In the dark waters which flow through boggy 
moors the tints of their finny inhabitants are deep; the light silver 
hues change to a golden yellow, and into the intermediate shades, even 
to a dark orange. But in the crystal waters of the purest streams, flow-
ing over pebl>l,y bottoms and white sands of decomposed quartz, the 
colors of the fish are very pure, and the luster is of such brilliancy as 
to give the appearance of transparency. We <lo not only observe this 
assimilation of color in fish to the places they frequent, but it is the 
same with the animals of tbe land. It is one of nature's provisions, 
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and is required fot safety an<;l concealment. D~. Stark showed many 
years ago bow suddenly the stickleback and other fish changed color 
when removed from dark pools and placed in white bowls. The changu 
of hue took place with as much rarpidity as though it were subject to the 
caprfoe of the fish, as is the case with the chameleon. 
Food has a very decided infl.ttence; and in connection with other cir-
cumstances will ptoduce a marked· effect in the appearance of Salmoniddl; 
even in the same lake. Thus, in Lake Guarda, in Italy, we may observe: 
one specimen with silver sides, blue back, and small black spots, and 
another of the same variety with yellow belly, red spots, and an olive-
colored back. The like phenomena have been observed with trout of 
the same variety in the lakes of Germany and Ireland. Differences of 
food and habits, says Davy, may occasion, in a long course of ages, dif-
ferences of shape and color1 which may be transmitted to offspring. 
Trout that frequent clear and cold waters, and feed much on Jarvre and 
their cases·, are not only red in flesh, but they become golden in hue, 
and the red si,ots increase and outnumber the black ones; hut when 
feeding upon little fish they become more silvery in color and the black 
spots increase. We have some singular examples of the effects of dif-
ference of diet. The peculiarity of feeding on shell-fish produced the 
gillaroo-trout, a 1emarkable variety found only in the Irish lakes. The 
charr also is liable to great variations from the effects of its food, 
and its history has, in consequence, been much confused by the natural-
ists. We observe similar effects with the Ooregoni, or white-fishes; for 
instance, the powan of' the 'Scottish and the pollan of the Irish lakes. 
Agassiz noticed that pet parrots, when fed upon certain fish of the 
Amazon, changed colors, and their green plumage became ·spotted with 
yellow. 
Age also often causes a great difference in the appearance of fish, 
and the markings of the young change singularly with their growth. 
The Cornish sucker has two large ocellated spots behind the eye, which 
are not visible in the young fish. 
It is true that there is a marked difference in size between the lake-
salmon and the migratory salmon. There is also the fact that the one 
seeks the sea, while the other does not. But these seeming distinctions 
may be readily explained by the effects of food and locality. Sir Hum-
phrey Davy, who was an angler for fifty years, believed that differences 
depending upon food and size will account for the peculiarities of par-
ticular fish, without supposing them distinct species. He sometimes 
caught salmon quite unlike in form, markings, and color, and satisfied 
himself that these differences were due to disease or to accid~ntal cir-
cumstances. Young, in his admirable work on the history of the salmon, 
gives a remarkable instance of singular differences occurring in a very 
limited locality: "We know of five rivers which run into the same es-
tuary, and all and each of these rivers have their own peculiar salmon; 
: nd the fl.sh differ so much. the one from the other, that they are quite 
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easily distinguished. The first river has a race of well-shaped salmon 
whose average weight is about ten pounds. The second has a strong, 
coarse-scaled, rather long but very hardy salmon, whose average weight 
is about seventeen pounds. The third river has a middling-shaped 
salmon, whose average weight is about nine pounds. The fourth river 
bas a long, ill-shaped salmon, averaging about eight pounds; and the 
fifth river ha8 a very well-shaped salmon, whose average weight is full 
fourteen pounrls." This experienced naturalist adds that it is rare for 
a salmon returning through the common estuary to miss its way to its 
own stream. 
The difference of proportions in salmon taken from different and even 
contiguous rivers bas often been noticed, and is due to local causes. 
The proportions between the salmon of the river Bush and the river 
Baun near the Giant's Causeway differ in the ratio of length to girth 
as 20 to 9 and 20 to 13. 
The differences of color between the lake and migratory salmon are 
not great, and Agassiz does not regard color as of any importance in 
relation to specific character. The sea-salmon, when well-fed, has a 
smaller bead, a more rounded body, and a more silvery luster. The 
small heads and rounded bodies, considered as merely proportional, are 
easily explained by the influence of food. The colorings of the fish are 
dependent upon the same cause, as well as upon age, season, and the 
purity and chemical composition of the water they frequent. For effect 
of food and locality we have many positive examples among our do-
mestic animals and birds. Thus the lake-salmon may be identical with 
the migratory salmon, altered in size and disposition after many gen-
erations. This principle of change of character and transmission of such 
character to offspring is well explained by Darwin. 
If there is no difference in typical str'ucture, there is, however, a 
marked discrepancy in the habits of the two fishes, for the one has lost 
the instinct to visit the sea; and this is a very marked characteristic 
with the migratory salmon, the young fish sometimes throwing them~ 
selves upon the shore in their frantic endeavors to pass the barrier~ 
dams. However, the English naturalists have admitted that it was 
possible for the parr to lose its instinct for the sea and propagate its 
species in the rivers, deteriorating greatly in size and quality. 
The sea-trout, Salmo trutta, can breed and thrive quite well without 
descending to the sea, but it soon loses its marked characteristics, and 
resembles the common trout. 
All of the systems of lakes where the fresh-water salmon is found 
were frequented by the sea-salmon up to within a comparatively short 
period of time, and the dams of the mill-men are now the only barriers 
to the migration and emigration of the fish. We can readily conceive 
that the young salmon might remain over one or two seasons in these 
lakes before visiting the sea, propagating a family which had less de-
sire to visit the salt water; and thus in successive generations a race 
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might be produced which would lose all instinctive. desire to migrate., 
and adopt the lake instead of the ocean as its habitat. 
In reality, these inland waters are as the sea to this fish, for it ascends 
the tributary rivers to spawn, returning to the lake again, as th,e salar 
returns to the sea. But if this salmon has sprung from the sea-salmon, 
why do we not find it in the lakes of England, the lochs of Scotland, 
and the loughs of Ireland, where the salmon has had unrestricted 
access from time immemorial¥ . 
This certainly is a difficult question to answer with satisfaction, since 
we find the same variety of salmon in the lakes near Katrineberg in 
Sweden, where great numbers are captured annually. It is said that it 
is bred in the lakes there, and cannot have access to the sea on account 
of cataracts, and that it is small and inferior in flavor. When Lloyd 
first described it, the British naturalists denied the story, and maintained 
that the Scandinavian ichthyologists were at fault when they spoke of 
the fish as identical with the true migrating salmon. It must be ad-
mitted that it is somewhat strange that this variety is to be found only 
in the lakes of Maine and Scandinavia. 
The naturalist will ask the question, Has not the lake-salmon appeared 
since the erection of dams, and, being thus confined and prevented 
egress to the sea, has it not degenerated into the present variety , 
1~he evidence is very conclusive that this fish existed from the earliest 
times in all the lakes where it is found to-day, and long before the 
advent of the European on our coasts. The Indians speak of it in their 
early traditions. The term "land-locked" as applied to it is inappro-
priate, since the erection of the dams does not prevent the fish from 
passing to sea during the spring and winter floods. And the term 
•' dwarfed salmon" is erroneous, since individuals have been caught in 
Sebago Lake of eighteen to twenty pounds weight, and in Heed's Lake 
of ten to twelve pounds weight; yet, strange to say, in the great lakes 
of the Saint Croix it never weighs more than four and a half pounds, 
and is a little smaller in Sebec Lake. 
Here arises a new difficulty : Why should there be such a great dis-
crepancy in the weight of these fish (the smallest coming from the 
largest lakes) if they are of the same family f In reply, we will ask 
in return, Why does the migrating salmon of certain rivers average 
larger than that of others, when there are no physical peculiarities, no 
difference observed in the respective depth, temperature, or extent of 
lake-basins to distinguish between them T Small rivers sometimes pro-
duce larger fish than rivers of much greater volume and length. 
There are some queer exemplifications of this anomaly. Humboldt 
was astonished t.o find the crocodiles in Lake Valencia to \le ,·ery 
diminutive, while the same species grew to an enormous size in the 
adjoining rivers. Scarcity of food will prevent the full development of 
any animal; but this hardly explains the difference in the sea-salmon, 
for it obtains its weight, after passing the age of the smoult, by feeding 
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in the sea. The migrating salmon actually loses weight while passing 
the summer in the rivers, and it does not regain it until it returns to 
Lhe sea, where it increases in flesh with extraordinary rapidity. 
Taking the migratory salmon as the type, we do not, observe any dif-
ferences from it in the structure of the lake-salmon that may not be 
explained by food and locality. In reality, the differences are trivial, 
since nature, undisturbed, is rigid in the laws of forms and proportion. 
But we may judge of their :flexibility from the singular effects produced 
in piscicnlture. The Chinese have shown in their fish-culture how man 
may p'.ay with nature and control organic form to a certain extent. 
The illustrations of the French naturalist, M. de Savigny, show bow 
this sing11lar people have cultivated the gold-fish even to eighty-nine 
varieties, and how they have secured and seemiugly perpetuated cer-
tain forms with double fins or destitute of fins, and possessing other 
singularities; also, how they have succeeded in producing almost every 
possible combination of metallic tinting-gold and silver, orange, pur-
ple, and black. Yet these monstrosities, when left to themselves, soon 
revert to the original type, like the castaway horses of Sable Island. 
The circumstances connected with the birth and growth of the salmon 
are very interesting, and have given rise to animated discussions among 
the European ichthyologists. 
There are sedentary species of fish which live and die in the same 
locality, often extremely narrow in it8 limits; while there are others of 
migratory disposition, and condemned, like the Wandering Jew of the 
legend, by irresistible instinct, to move without cessation and without 
reaching an end to tbeir lifelong journey. These wandering tribes, 
however, are subject to periodic laws, which direct their migration and 
emigration. 
Of all the fish of passage, the salmon is perhaps the most remarkable. 
He is certainly the noblest, and ranks the highest among his class in 
intellectnal instinct. The angler justly looks upon him as the prince of 
the Htreams; and what can compare with his beautiful proportions, his 
rapid and graceful motions; his silvery hues, his keen and lively eye, 
bis rich and delicate flavor? The luxurious Romans, who searched 
distant climes for delicacies, knew nothing of this splendid fish-no more 
than we know of the gourami of China. The ancient writers are silent 
concerning it, with the exception of a remark of Pliny, and the inscrip-
tion in the lVlosella of Ausonius: Purpureisque salar stellatus tergore 
guttis. 
In the spring and ear]y summer the salmon enters the rivers, and 
swimR up to the cool tributaries with great rapidity. Falls of ten feet 
in height be surmounts by a single leap, and he stems the swiftest cur-
rents with the greatest ease. On arriving in the clear streams which 
flow from the fountain-heads, his journey is at an end; he selects his 
mate an<l waits for tlte nuptial period of autumn. 
Trout pair together in June, and their seeming constancy and affec-
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tion for each other indicate· something more than mere animal instinct .. 
This fact was observed and celebrated by an Italian author in the 
" Loves of the Fishes," two. hu·ndred years ago; 
We will not attempt to say whether the male or female salmon pre-
pares the nuptial conch and digs the trench ill'the crystal sands. Some 
maintain that the female fish does all this, while others assert tliat the 
male prepares the bed-. If the male does not do it, why should his lower 
jaw become like a, hook at this period only 1 The sturgeon uses his 
elongated snout to pfow up the mud, and· why may not the male salmon 
his hardened jaw in furrowing the ~and·-beds 1 Not only does the lower 
jaw of the salmon change during this time, but his· forehead becomes 
tou·gh and strong. 
In ninety days or·more, according to the temperature, the eggs hatch-
at least those which the hungry eel and trout have left-and the little 
fish then appear, to run the gauntlet.of life from their voracious enemies. 
So great is the destruction of spawn and loss of infant fish that not more 
than one in a thousand eggR d'eposited hatch, nor one in three thousand 
come to maturi-ty. But ~hen protected by man, as in artificial breed:; 
ing, more than nine out of e~ery ten eggs hatch and thrive. 
When the floods of the following spring have subsided, we obserrn 
the young salmon has increased to several inches in length, and is now 
one of the most beautiful of fl.shes, with its olive-hued markings on the 
back and its silver sides stained with crimson spots and decorated with 
a row of golden dots along the lateral line. Another spring these tran-
scendent hues fade away; the red-spots grow dim, the brighter aureoles 
disappear, and all the lively colors sink into gray. This is the Jilligratory 
d!Pess, and the fish is ready to commence his long voyage to the ocean, 
which may be hundreds of miles away. The path may lay acr.oss broad 
lakes, down fooming currents, and over seething ca-scades, but the little 
fish pursues his way boldly, and with the certainty of destiny. After a 
few weeks' sojourn in the sea, anothel' remarkable change takes place 
both in size and color. The marine influence exercises such an extra-
ordinary effect that the descending smoult of spring of a few ounces 
weight appears in autumn as the ascending grilse of several pounds 
weight. This same grilse increases bnt 1itt1e, if any, during its sojourn 
in the fresh water, but on returning again to the sea it grows rapidly, 
and appears the next spring as an adult salmon of nine to twelve pounds 
weight. 
Thus we have the four stages of the salmon's Jife: First the parr; 
then the smou]t; afrerward the grilse; and in the third year the salmon. 
These distinctive pertods are wen marked, and· the changes of color and 
form have led many students of natural history into errors. 
Tbe researches of practical men like Young and Shaw first cleared 
away the obscurity which enveloped the early biography of the salmon. 
Professed naturalists have made the most ridiculous statements con-
• 1 1i ' this fteb, bot we know now that the mysoerious parr is the 
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salmon fry. As the little parr progresses in life, many character~stics 
are laid aside, and only those wliich mark the species are retained; the 
parr-markings, the red spots, aud most of the dark ones, especially 
nearly alJ of those below the lateral line, vanish. The dentition changes. 
The adult trout retains only the mesial vomerine teeth-in a double row; 
the salmon loses all the ll)esial vomerine teeth and retains only- those of 
the chevron. 
'l'he Salmo Gloveri, described by Girard as frequenting Union River in 
the State of Maine, is only a parr, and is caught in other rivers where 
the salmon appears. The samlet may remain several years longer than 
its usual period at the place of birth when debarred or impeded in its 
acce~s to the sea, and may Rpawn and propagate a stunted race, as ill-fed 
animals are checked in their growth and remain stationary. Nearly all 
of the Salmoniclm breed early in life, and size has no effect upon the 
faculty of breeding, the essential difference being as to number-a 
thousand eggs being reckoned to every pound-weight of the fish. The 
differences in position of fins in the Gloveri are trivial compared with 
those which we witness in the young of many other animals during 
tlleir period of growth. 
About forty years ago fresh-water ·salmon were caught in great num-
bers in Sebago Lake. The Indians in earlier times speared t,hem in 
immense quantities in autumn on the shoals below the outlet; the early 
colonists caugllt them by the cartload during the spawning-period, but 
the thoughtlessness and carelessness of civilization have reduced them 
so mnch in number that they arn r..ow quite rare. Still, a few may be 
taken with the minnow as they run up the rivers in spring, or by trol-
ling in the lake, off the rocky shore known as the "Image," which was 
a famous place of resort years ago. In the autumn they again pass 
into the rivers, and may then be taken with the fly. Some weighing 
thirteen and a half pounds have been taken with the minnow. Last 
summer one was caught of ten pounds weight. Others of much greater 
weight have been speared at night while in the act of spawning. The 
svcar in tl.Je hands of the poacher has contributed more than any other 
cause to the scarcity of this fish. Two ;yea.rs ago two poachers speared 
in three nights in Songo River more than half a ton of salmon. No fish, 
however prolific, can long stand such a drain as this upon its numbers. 
A little protection and care in artificial breeding would make this lake , 
with its connecting streams, one of the most delightful places of resort 
for the angler in the world. Down below the outlet the water of the 
lake, which is of the purest quality, rushes swiftly down and over prim-
itive ledges, and forms magnificent pools and eddies, which are the 
favorite resorts of trout and salmon. One bright morning last June 
found me rod in han<l and casting the fly at the locality above mentioned, 
but it was too early in the season, and the gaudy insects failed to attract 
even a glance from the lurking fish. I substituted a minnow, and trolled 
him acro8s the boiling eddies below. A whirl in the foam, a splash of 
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-Spray, and a strong tug at the line told-the story. The hum of the reel 
as the line swiftly spun out indicated a large fish. Checking his speed 
for a moment, I could see bis sides of silver and pearl glistening in the 
distant waters below. Alas for human expectations! The log on which 
I stood, swayed" by the current, caused me to lose my balance for a 
moment. The line slackened for an instant, a,ml the salmon, relieved of 
the constant strain, diseugaged himself quick as a flash, and was off in 
a moment to a safe retreat. 
My companion, however, was more fortunate, and landed a two-pound 
fish. The first glance at this fish indicated a distinct variety from the 
salmon of the Schoodic and other lakes; for its sides were very much 
spotted, even below the lateral line, and some of the spots were under-
laid with .. deep crimson, which appeared in rich · contrast with the black 
and pearl of the sides; the dorsal fin was also very much checked with 
large and distinct black spots. It woul,d remind the angler of the· Salmo 
trutta marina and the hucho trout of Europe, so distinctly marked was 
the dorsal fin. But the examination of five other specimens at a later 
day proved that the spots were not constant; for not one of the five ex-
hibited more spots than the fish of the Schoodic, and some of them not 
so many. The_ appearance of the dorsal fin was also much changed, 
and in some fish the spots had quite disappeared, which leads .me to be-
lieve that the excess of spots is due to food and locality. 
Bloch, in his work on the hucho, says that all the fins have black spots. 
Professor Wagner Sf.JS the same; yet Davy, who angled in the Danube 
and its tributaries, the Save, Drave, Thur, and Isar, could not catch a 
single fish with spotted fins. The fish preserved in the collection at 
Munich have none. We may account for this diversity of statement by 
supposing that the fish were taken at different seasons and localities. 
I have observed that the pike, at certain times and ii) certain waters, 
bP.Comes yellow, with black spots, and then s.gain changes to gray, with 
pale-yellow dots. The Salmo trutta, when confined to rivers and run-
ning waters, gains more spots; it is the same with the hucho. Davy 
saw fish from 8ome of the lakes in Ireland that were mottled in a singu-
lar way, and be ascribed it to the nature of the water, to exposure to 
light, and the kind of food. Similar peculiarities are observed with the 
trout of Lough Neah, which the Irish call" buddocks" and "dolocbans." 
Trout in the river Boyle, running up to spawn late in October, have no 
spots, but are colored red and brown, mottled like the tortoise-shell. 
Bence I am inclined to think that the great uumber of spots sometimes 
seen on the Sebago salmon is not a fixed, and should not be regarded as 
a special, characteristic. I think it very probable that the same pecu-
liarity may be observed at times with· the salmon of the other lake-
systems. 
The most exciting, and by far the most proper, way to catch this 
splendid fish is by means of the artificial fly ; and after a while the 
sportsman disdains to use any other method. 
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The lover of the "gentle craft" who has never taken the salmon with 
an artificial fly cannot boast much of his professional skill, since 
angliug for this magnificent fish is deemed the measure or standard of 
liis capacity, the test of his art, the legitimate object of his loftiest 
aspiratio11. No lover of nature will ,wer justify Dr. Johnson's snarling 
defiuition of the angler's profession, the poetic vituperations of Lord 
Byro11, or the exaggerated description of the clever Horace Smith. 
There is no sport that will compare with scientific angling for exciting 
the mind and sustaining a joyous hilarity. The enjoyment of the pure 
air, rambling over green meadows, in the grand old woods, among the 
rugge<l mountains, and over the beautiful lakes-all this varied inter-
course with nature inspires the mind with happy feelings. 
The passion for angling is by no means limited to any class of society. 
The most eminent poets, painters, philosophers, statesmen, and soldiers 
have been fond of the art. Trajan loved angling, and Nelson threw the 
fly with his left hand after the Spaniards had shattered his right arm. 
Ovid, Boileau, Goldsmith, Rossini, were anglers. Dr. Paley was pas-
sionately fond of it, and, in reply to the bishop of Durham, as to when 
one of his most important works was to be finished, said : "My lord, I 
shall work steadily at it when the fly-fishing is over." Walter Scott, 
infinitely susceptible to the beauties of nature, was delighted with angling, 
au<l more than one passage in his works betrays bis predilection for the 
sport. Walton has justly styled the gentle art as "the contemplative 
man's recreation." "\¥ e do not think that angling should be classed 
with acts of cruelty, for fish, and all cold-blooded animals, are less sensi-
tive than the warm-blooded aniuals, and the act of hooking a fish is 
probably attended with less pain than we imagine, as the cartilaginous 
part of the mouth contains no apparent nerves. A trout will often con-
tinue to pursue insects after escaping from the hook, though he will 
shun the artificial ones. The pike will seize the bait even when his mouth 
is full of broken hooks. Sharks are also remarkably insensible to pain. 
When the evening is calm and tranquil after a warm day or a stormy 
periou, then it is the best time to cast the artitlcial fly. At this hour 
the fish emerge from the cool places of concealment, where repose has 
sharpened their appetites, and they pursue with avidity the insects that 
sport 11ear the surface of the stream, or the little minnows who dare 
venture from their safe places on the shallows. In the taking of the 
artificial fly, the trout rarely leaps at it more than once, while the sal-
mon will make several attempts. Certain flys are very deadly on certain 
rivers, but not on others, even when not far distant. This peculiarity 
in the Salmonidm is quite remarkable, and evinces either caprice or in-
tellectual instinct. 
In Swit,zerland and Illyria, the native sportsmen fish with the rudest 
imitations of flies, and on the Shannon the largest salmon are caught 
with clumsy artificial bugs and flies. Fish are not only deceived by these 
imitations of insects, but even birds are deluded by the sight. From 
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the lofty cliffs of some of the Ionian Islands ·the Greeks capture the 
swallow on the wing by casting into the air a long line with an artificial 
fly. Hofland missed his salmon in consequence of a swallow seizing the 
fly as it was falling toward the pool of water. At times the fish will re-
fuse the teIJ1pting morsel, though rising to glance at it, and then dart 
away as though the deceit was perceived. It is not only evident that 
fish possess an a-ccute sense of smell. but at times they a-re very partic• 
ular as to whdt they eat; and this daintiness of food has been noticed 
by very ancient writers. 
We believe that the Salmonidm have the sense of smell very acutely 
developed, for they have ample nostrils, and their structur~, and the full 
and peculiar arrangement of the olfactory nerves, indicate that they 
possess this power, even if its existence were not established by t.urner-
ous observations. Almost .every angler has seen a fish reject a bait that 
did not snit his taste, even after he had taken hold of it. The salmon 
not only measures the objects of his pursuit with his eye, but he smells 
them while pursuing and tastes them when seized. Many times have I 
noticed the trout. on a summer evening champing the luckless fly that 
had fallen into the water as though it was a delicious morsel. In trolling 
artificial minnows, whose artistic make almost surpasses nature in 
beauty of outline and color, I have been vexed to see a salmon darting 
around it with seeming di~dain, and never attempting to seize it. In 
such oases, the fish ·must have been influenced by smell; for the eye 
could hardly detect the structure of the bait or the concealed hook. 
The white shark has very large nostrils, and smells its prey at a grt:>at 
distance. Throw to a, voracious pike a toad, anu he will turn from it 
with very marked loathing. Hang a shiny tench under his nose and he 
will recoil as quickly as the sensitive maiden turns from the nauseous 
smell of the poppy. 
Fish are much affected by external influences, such as inclement 
weather, &c. '' Never ~ngle while the chilly east wind blows," is a 
world-wide maxim. To illustrate t.he rapidity with which impressions 
are transmitted in water, I will give au instance that amused me in 
boyhood. On throwing a little pebble moistened with spittle into the 
pool below the dam of Pleasant River, not far from tide-water, I ob-
served that the lamprey-eels sprang ont on land as though the water 
of the pool was molten lead, but rP.turned again in a few moments and 
became quiet. Large rocks thrown into the water did not disturb them, 
but a minute pebble covered with spittle threw them into the wildest 
agony. Forty years ago the lawyers attending court at Machias fre-
quently ,amused themselves by disturbing in this manner the lamprey-
eels a8 they congregated in the pool below the dam. The human saliva 
evidently acted as a poison, and its influence was felt instantly in the 
most distant parts of the pool. There are many other remarkable 
instances of the susceptibility and the delicate organization of fish. The 
,·eudace is said to perish the moment it is touched by the human band. 
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As I have said before, the salmon-occurs in five of our lake-systems. 
Although there are other lakes advantageously situated near tlle coast, 
and much frequented in former times by salmon, yet they do not con-
tain the new variety, if variety we dare to term it. Tllis singularity in 
its distribution is another remarkal>le feature to be considered in its 
study. 
Early in the month of ].\fay the fish in question passes into the inlets 
and outlets in search of the smelts who have gone there to spawn. 
Here it remains a few days, and tllen returns with the smelts to the 
lakes. In June it again returns for a few days to the foaming currents 
of tl.te swift streams to enjoy the aerated water and rid itself of the 
paraRites which infest the still waters; for even fishes are troulJled with 
parasites. Sometimes they appear as little leeches, and stick to the gills 
of the fish; and then again we find them in other forms, and attached to 
other parts of the body-in the eye, for instance, as is the case with the 
shark. They also· become diseased like land-animals, which fact did not 
escape the notice of Aristotle two thousand years ago. One of my prizes 
from Sebago Lake had a cataract in its left eye. 
In September the salmon again seeks the clear streams, wllere it 
remains until the spawning-period is past, or until November. In l\fay 
it prefers for bait the minnow or smelt,, but in June and autumn it wm 
readily take the fly, preferring the bright, and the gaudy. 
vVe know of no p!aces in America where the angler can be more grati-
fied with a fishing-rod in hand than among these lakes.* If he be 
skillful in casting the fly or trolling the minnow, he will be charmed and 
astonished with his success in the great Schoodic Lakes, either iu the 
Chepeteneck or the Wittegnerguagum. And at the same time, if he be 
a lover of nature, he will find wild and lonelyscenery,yet full of grandeur 
and picturesque beauty, and all that is calculated to make a deep im-
pression upon the feelings and awaken the contempla.tive and reflective 
powers. 
BANGOR, ME., September 11, 1872. 
DEAR PROFESSOR: Yours of the 4th is at hand. The number of 
Lippincott's Magazine containing my article on the salmon is )fay, 
18G9. 
Since I wrote this article, I have satisfied myself that the non-migra-
tory salmon have been seen in the Schoodic, Penol>scot, and Union River 
waters only since forty years. Concerning the Sebago salmon, I am 
not so positive, but am quite sure the variety is not one hundred years 
old, or since the erection of impassable darns on its outlet. The Schoodic 
salmon are about forty years old, and the old Indian hunters have given 
me the precise time of their appearance and the disappearance of the 
migratory salmon, which coincides with the erection of impassable dams. 
* The Sebago, Sebec, Reed's, and the lakes of the two branches of the Saint Croix:. 
S. Mis. 74-23 
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Migratory salmon of large size were at that time speared on the same 
grounds where the small salmon are now taken in great numbers, and 
which are never over five pounds in weight. 
I have published but one other paper on the Salmonidm, that on the 
togue, which is printed in the Maine Geological Reports of Hitchcock11 
Survey, and I have no doubt but that the description is correct, and 
the fish new to the scientific world. 
The Salmo (}loveri is nothing but a pa.rr. I examined the fish several 
years before Girard saw his specimen, and recognized it as the young of 
the migratory s~lmon. 
They have disappeared from Uni9n River since the extinction of the 
salmon. 
Yours, truly, 
.A. C. HAMLIN. 
2.-•'.l.'HE TOGUE. 
Salmo toma, Hamlin. 
This trout, known among the aborigines as the togue, tuladi, &c., bas 
been classed by some observers as identical with the Salmo hucho of 
the Danube and of the lakes of Northern Europe; but in these classifi-
cations peculiarities of anatomical structure have been overlooked, and 
the habits of the two fishes have also been noted as similar, whereas in 
reality they present great contrasts ; for the one, agile and alert, seeks 
the swift and foamiug currents of the clearest streams ; and the other, 
sly and sluggish, haunts always the quiet waters of the deepest lakes. 
It is mentioned by Mr. Gesner in his report upon New Brunswick, and 
i<lentitied with the Sa,lmo lacustris of Lake Geneva; a proper exami-
nation of the two fishes, however, will satisfy the naturalists that few 
positive analogies can be drawn ; and, again, it is identified with the 
Salrrto fero:x: of Loch Awe, in Scotland, in the descriptive catalogue of 
fishes of New Brunswick, by Mr. Perley, who identifies from the charac-
ters drawn by Sir W. Jardine and Mr. Yarrell, some of which would cer-
tainly lead the observer, unless minute, into the same error; for it can-
not be denied that great similarities are to be observed, but there are 
also as many with the 8. eryt4rin'U8 of Siberia. 
In ehape it is not so elegant as that of some other species of the 
Salmonida:, but its whole form indicates great strength and swiftness, 
although it has the reputation of being slow and sluggish. The female is 
more perfect in its proportions than the male, not having that gibbous 
appearance at the nape, where the outlines of the head pass into those 
of the back, and, besides, its general contour is more delicate. 
A rich, pearly luster covers the vent,ral regions, deepening into russet 
1',rom the Second Annual Report of the Natural History and Geology of the State of 
lu111 , 1S62, (pob.1~1.) Article on the Togue, by A. C. Hamlin, M. D. 
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toward the lateral line, above which the color appears of a deep, mottled 
gray, still deepeuiug into blue as it approaches the dorsal summit. The 
sa.me pearl_y hues, blended and intermingled with gray, are observed 
upon tlrn opercula. Spots and markings of a light sienna color appear 
on the sides; these spots are circular without being ocellate, and appear 
indistinct and graj·ish npon the dorsal and upon the commencement of 
the caudal. All these colors vary according to the seasons and local in. 
tluences, being brighter at the spawning-period than at other times-
Its proportions are quite harmonious. The following are the measure-
meuts of a small specimen: 
Entire length .... _ ........... -........... - ......... - • • 
Greatest depth ................................. - . - - .. • 
Read, ____ .. _. . ............ length, 2¼, with operculum, 
Pectoral ................... length, 21 
Ventral._ .................. length, 2! 
Anal ....... _ ......... . .... , length, 2!, in width, 
Caudal. ..................... length, 3!, in width, 
Dorsal ...................... length, 2½, in width, 
Br. 12; P. 12-13; V. 9; A. 11-12; D. 13; 0. 19. 







Scales are small and elliptical. They decrease in size as they ap-
proach tlrn thoracic arcll. There are 53 in a vertical row anterior to the 
entrals, of which 24 are alJoYe the lateral line. 
The lateral line arises from the height of the upper third of the oper-
<:lulum, curves slightly downward, and proceeds with a slight inflection 
to its caudal insertion. The pectorals are not proportionally so long as 
those of the si..scowet, and they arise much nearer the branchiostegals 
leaving a greater distance between their extremities and the plane of 
the commencement of the dorsal. The ventrals arise vertically beneath 
the sixth ray of the dorsal, are orange in color, and margined anteriorly 
with wl.Jite. 'rheir outer circumference is slightly oval. The anal is not 
so l.Jigh as the dorsal by one-quarter, while in the siscowet it is of equal 
height; terminal line obtuse and parallel with the axis of the dorsal. 
Tlrnse tins are of an orange hue, and tipped wi$h white or light gray. 
The dorsal arises in the middle of the back, is of a dark-gray color, and 
spotted in the form of transverse uands-terminal line obtuse. Caudal 
long and mnch furcated, much more so than with the siscowet, nor does 
age change much the acuteness of its terminal line. 
The branchiostegal rays are twelve in number, and are of a pure 
white, except the last, which is irregularly spotted with gray. Ey~ 
large and circular, with irides of a golden yellow, and pupil angulated 
toward the snout, which is obtuse. The upper maxillaries are longest, 
and at tlleir union show in both sexes a singular depression, into which 
is received the curve of tbe lower maxillaries. 
The maxillaries, intermaxillaries, and palatines hav~ each a row of 
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conical and inflected teeth. Those upon the lower maxillaries are large 
and strong; those of the intermaxillaries are next in size ; upon maxil. 
lary and palatines next in size, and· those upon the vomer smallest 
numbering only three or four, and not confined to the anterior extremitll, 
but extending a good way backward. The tongue is deeply groove'-'! 
and furnished with inflected teeth, arranged in lateral rows. 
· The opercular apparatus is somewhat concealed by the thick skin 
which envelopes it, but the outer lines of the operculum are quite dis-
tinctly marked. The operculum is quadrilateral, of greater height 
than breadth, well rounded in its posterior free margin, denticulated in 
its lower, and nearly square in its upper, the anterior angle of which is 
characterized by a strong and prominent process. Suhoperculum is 
nearly one-third smaller than the operculum, is triangular in its upper 
portions, elliptical in its lower borders, and terminates at its articula, 
tion in the form of a fish-hook. The interoperculum has, as usual, the-
form of a long square, but square on the posterior side, and forming an 
acute angle with its lower margin, slightly r0tmded on the anterior side. 
Finally, the preoperculum is long, slender, crescentic, and almost verti,-
cai' in its position ; it is thick and furnished with a prominent ridge and 
three foramina upon its anterior surface. 
This trout inhabits many of tlie great lakes and deep mountain-tarns 
of Maine and New Brunswick; but it is believed not to exist in those of 
Eastern New Brunswick, which singular hiatus in its distribution per-
haps may be explained by the absence of deep waters in that country. It 
haunts the deepest waters, where the cold, or the repose to which it leads, 
favors that development and conservation of fat which iR, indeed, a char• 
acteristic, and it steals forth in quiet at the approach of twilight or at 
early morn to the shoals and the shores in quest of its prey, which con~ 
sists for the most part of the Lota and Oyprinidre; but its baffled voracity 
often contents itself with substances entirely foreign, as its stomach 
presents sometimes a heterogeneous mass of bones, leayes, twigs, and 
fragments of decayed wood. 
Its habits vary in some localities. In certain lakes they are bold, 
and. ranging near the surface, at times may be taken by trolling, but 
never rising to the tly, while in other lakes they are timid, and seek the 
obscurest recesses; thus, for instance, their existence in the Tunk Lakes 
was unknown for more than half a century to the inhabitants living 
near their shores. 
Its mys~rions nature has furnished the all-observing Indian with some 
prOJler idioms, and it appears again in the vague mythology and wild 
legends of that almost extinct race. Its names are various among the 
different tribes; and if the present are not of the half-breed Canadian 
date, they are, perhaps, of recent origin, since the few remaining dialects 
have changed greatly within a century past. Considering then the 
uncertainty of its ancient name, and the diversity of its syno~ym 1' pro-
pose my friend Toma of the Openangos. ' 
XI.-*THE LAKE TROUTS. 
BY A. LErrII ADAMS, M.A., M. B., F. R. S., F. G. S. 
The non-migratory lake tronts of North America, as far as has yet 
been ascertained, comprehend three forms, to wllich the following 
specific names have been given: the Namaycusli, or Great Trout of 
tile La,kes : tlie Togne, or Gray-spotted Lake-Tront; aucl the Sis-
cowet. The first was described by Pennant, at the close of the last 
century; the second by Dekay, in 1842; and the third by Agassiz, in 
18i:>O. According to the present state of our knowledge of their haunts, 
it appears that the Namaycush inhabits the great lakes extending from 
the :Northern United States to the Arctic Sea. The Togue is said to fr.e-
qneut 011ly the New Engla;td, Nova Scotian, and New Brunswick lakes, 
including the State of Maine, while the Siscowet is seemingly restricted 
to Lake Superior, where Agassiz also recognized the Namaycush. But 
little is known of their habits; moreover, several instances luwe oc-
curred lately of one or other of these trouts turning up in lakes where 
their presence was unsuspected; it is, therefore, not unlikely, when their 
geograpliical distributions are better worked out, that this seeming par-
tiality to certain waters may, after all, be more apparent than real. Fur-
ther, it appea,rs that their claims to be considered distinct speeies rest 
altogether on certain minor details of structure and coloring in each, 
which, however, have been farther abridged b_y late researches. · It 
will not, therefore, be surprising to such observers as may have enjoyed 
opportunities of studying them in their native hatrnts, Rhould these su-
callecl species turn out to be only varieties of seasonal or sexual condi-
tionR of one gray-spotted lake-trout, common to the boreal regions of 
the continent. I shall now point out the recorded differences between 
each, together with my own personal observations of the Togue~ as met 
with within the l)Oun<larie6 of our region. 
~.L1lie Namaycush, Mackinaw salmon, a,n<l salmon-trout of the Cana-
dians is known to Indians by various other names. It was first de-
scribe.cl by Sir John Richardson, who give·s a lucicl account of the fish.t 
The 11wst 1wtieeable differences between it and tlrn other two are iu the 
formation of tlte labials, where the crest projects beyond the limb 
of the hone, the latter being not quite three times the length of tile in-
"From Fielcl .111<1 ForeHt RarnlJles, with notes an<l observations on the Natural History 
of Em,tem U:w:ula, by A. Leith A<lam.'>, M. A., M. B., F. R. S., .F. G. S., Staff Surgeou-
Major. Loudon, Ileury S. King & Co., 1873. 
t F;w.na Horeali-Americaua, part third, The fish, p. 179, pl. 79, 8G. 
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termaxillary. This peculiarity ( if persistent ) is certainly very char-
acteristic of the Namaycush. The ventral fin is placed farther back 
than in the Togue and Sfscowet, and the tail is more forked. There is 
a double row of teeth, extending at least half' an inch backward on 
he vomer. The teeth, gums, and roof of the mouth have a tinge of 
purple, hence Mitchill's name, "Amethystine Salmon." 
The Siscowet is known by this native name apparently in contradis,,. 
. tinction to the last, which is also found in Lake Su.perior. The former· 
appears to be very plentiful about Isle Royal. Agassiz makes ont the 
following distinctive characters; but as many are also common to the 
other two, I merely indicate the discrepancies. The lower branch of the 
pre-operculum is more extended than the upper. The pectoral fin is 
longer, and farther from the gill-opening, than in either of the other two 
trouts, and the dorsal is said to be larger, with a more slender and less 
club shaped adipose fin. The anal is as high as the dorsal, but not so 
long. 
The Togue was supposed to be identical with the Namaycush until 
Dekay's description, when he named it Balmo oonjim,is. 
I ftnd, however, that his so-called differences are in several instances 
not general; and perhaps a better acquaintance with their natural his-
tories will further establish a closer collnection between the two. For 
several ~·ears this fish, as met with in our waters, was supposed to be 
dentical with the Loch Awe trout 8.ferox/' from which it seems to differ 
in many points. 
I bad abundant opportunities of seeing the Togue at all seasons and 
in ,~arious stages of its growth, so that, as far as the denizen of our 
forest-shaded lakes is concerned, I believe the following will be found 
to be an accurate description of its appearance and habits. 
The external coloring varies, of course, according to the nature of the 
Jake-bottom, and whether or not the individual may have been caught 
tluring the breeding-season. When in full vigor, in October, during 
the spawning-month, the males, with the exception of the unusually large 
individuals, will be found very much alike, and more or less of a dark 
greenish-gray, getting fainter toward the belly, which is dappled with 
dull and purer white patches. Tile yellowish-gray spots, some as large 
as buck-shot, extend over the body and tail. The latter is said not to 
oo the case in the Namaycush, but, from Agassiz's drawing,t they are 
evidently present on the tail of the Siscowet. 
There is more or le~ of an orange tiuge on the lower fins, especially 
th~ pectorals, but the purple in the inner surface of the mouth of' the 
Namayoosb is seemingly absent in the Togue. 
In full health and vigor, the Togue presents a close resemblance to the· 
· Mr. Perley waa, I believe, th-, originator of this opinion, from a comparison between 
flgoree and general descriptions of the European fish. 
t Lake Superior, pl. 1, fig. 3. 
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full-grown salmon. The head forms one-fourth of the total length from 
the snout t,o the tip of the caudal. It is rather flat above and convex in 
profile. The eye is mid way between the tip of the snout and the nape, 
aud about twice as near to the former as to the hinder edge of the gill-
cornr. The labials are fully three times as long as the intermaxillaries, 
thus contrasting with the Namaycush, but identical with the Siscowet. 
The labial crest does not extend beyond the extremity of the bone, as it 
does in the Namaycush. The length of the lower jaw is equal to that of 
the- upper surface of the head. Like other lake and ri\Ter salmouoids, it 
has a prominent knob on the extremity of the lower jaw, which in ordi-
nary-sized males is not permanent, and only seen during the spawning-
season. In old males, however, it is very conspicuous, and, as in the sal-
mon, fits into a cavity in the upper jaw; indeed, it would appear to 
become developed with age, so that all very large salmonoids have it 
more or less throughout the year. The gill-covers are almost similar 
in the three, and broadly distinctive as compared with the brook-trout 
and the sea and salmon trouts, while the outline of the gill-cover, and 
the relative dimensions of the operculum, and its points of junction 
with the suboperculum, in all the American lake - trouts, assimilate 
closely to the salmon S. salar, while the crescentic outline of the pre-
operculum is broadly distinctive, and resembles that of S. fero,x of 
Europe. 
In the New World lake trouts, the pre-operculum bulges to a degree, 
owing to the enormous development of the great masticating muscle in 
front. The general features of the opercular apparatus in lake-trouts, 
as compared with other salmonoids, are distinctive. rrhe operculum 
is four-sided, well rounded, and of greater height than breadth ; the 
suboperculum is nearly one-third smaller than the last, and is trian-
gular in its upper half, elliptical in its lower borders, and terminates at 
its articulation somewhat in the form of a fish-hook. The operculnm, 
with the exception of the Siscowet, is long, slender, crescentic, and 
almost vertical, with a prominent ridge, and the usual foramiua upon 
its anterior surface. 
The teeth of the Togue are strong, slightly curved, and conical ; those 
on the outf',r and lower maxillaries are the largest. The vomer is armed 
with a few teeth in a cluster or in regular double row, as is said to be the 
case in the N amaycush; although in the young of the former the teeth run 
in a zigzag way down the bone in a single row for some distance, but in 
old fish there are usually seven. Two adult male rrogues examiuecl by 
me gave the following formula, which it may be remarked is absolutely 
identical with that given by Richardson as the scheme of dentition iu 
the Namaycush, viz: intermaxillaries, 7-7; labials, 19-19; palatine;;,~ 
13-13; lower jaw, 19-rn; tongue, 8-8; vomer, 7-7.* 
It is worthy of note that in young and adolescent individuals of the 
* Fauna Boreali-Americana, part third, Fish, p. 182. 
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Togue, a third row of teeth is frequently observed o~ the center of the 
tongue, where sometimes one or two may be met with in the adult. 
The :fins vary considerably. By compounding many notes taken at 
different times from a large number of specimens, and striking an aver-
age, I found that the same discrepancies are applicable to the three 
American lake trouts.• 
The adipose fin is club-shaped in the Togue and N amaycush, and, as 
before stated, not so long and slender ns in the Siscowet. The specim~ 
represent~d in page 235 t was a very fine Togue, captured during the 
spawning seasoµ. in the Toledi Lakes, Upper Saint John. It displays the 
powerful proportions of the fl.sh at this time of the year, which are very 
different to what obtain subsequently when fecundation has taken place. 
The scales of this species, and s~emingly of the other two, are small and 
elliptical, decreasing in size from above downward. I counted in 
:iWO instances 132 along the lateral line, which some authorities state 
takes its origin ~t the upper angle of the operculum; but this statemen1' 
made, I believe, originally by Dekay, is incorrect in the case of the 
Togue, and it would appear,.also, in the other two. The line commences 
at the upper third of the operculum and curves slightly down-
ward until beyond the pectoral fin, when it runs straight -for the. tall. 
The latter, although furcate in the old, is l>y no means so in younger 
individuals. There is often an abnormal thickening or enlargement of 
the lower caudal lobe, which I have seen in' several instances, and the 
same has been noticed by other observers. It is met with in both 
sexes, but whether congenital or induced I cannot say; it may have 
originated from the friction in digging the sand for the d'eposition of 
the ova. I counted 130 pyloric cooca and 62 vertebroo t in two females 
of the Togue. . 
The Togue abounds in the great lakes at the sources of the Saint 
Croix and Saint John Rivers, deriving one of its local names from the 
Toledi Lake, where, and in Lake Temiscouata, it is extremely plentiful. 
Dr. Gilpin, of Halifax, seems to have been the first to proclaim its 
presence in Nova Scotia .. According to Dekay, it is common in the 
lakes of New England, where Europenns give it a variety of names; its 
western and northern extension, however, is imperfectly noted. I am 
unaware of the Namaycush and Togue having been met with in the 
same waters. The partiality of the latter for certain lakes, or at all 
events its seeming abseuce from others to all appearance better adapted 
to its habits, may be more apparent than real, seeing that, like non-
• Thu in be NamAycuab, Siscowet, and Togn~, the ~n-rays are as follows: Gill-
:n 12-1 \ : D, 12-14; P, 12-14; A, 11-13; V, 9-10; C, 19H. 
t" 111u tration of the togne or giey-spotted trout of the lakes." Field and Forest 
Ramble 
fo II ID the Maine .Agri~oltoral and Scientific Repor~, 1862, p. 110, gives 113 
•I 11 ' 1 ' 111 ·~ and 65 , .. , t<•lu 1• which, unless it is a mistake shows considerable 
1, in the numerical proportions of the former. , 
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migratory lake trouts in general, it passes much of its existence in the 
profoundest depths, as is shown by the frequent use of a thirty-fathom 
liue in fishing for Togue through the ice. It repairs to shallows to feed 
on trouts, smelts, ai;id the like; indeed, the last-named fish would appear 
to constitute its favorite winter-subsistence, inasmuch as out of several 
individua,ls dissected by me in midwinter, and from different lakes, all 
contained smelts. It preys extensively also on eels and cyprinids, and 
is in fact a tyrant with an appetite so voracious, that quantities of twigs, 
leaves, and fragments of wood are constantly found in its stomach. 
Tlte great monster will sometimes rise to spinning tackle, but in so 
sluggish and undemonstrative a manner, that the troller may :fancy he 
has caught a water-logged pine pr stone. In this way I bad my line 
checked on the Schoodic Lake, when, striking gently, I found I bad 
missed a large Togue, whose trenchant teeth had made a series of deep 
furrows in tlle chub with which the hook was baited. It is. rare for this 
fish to rise to spinning tackle, and the Indian who steered the canoe 
assured us that he had not seen the like before. No doubt the flashing 
of the blades attracted the monster, to find the chub on the hook. It 
is natnra.Jly sluggish and inert, and apparently much of a bottom-feeder. 
As we glided along the shore of one 0f the islets, composed more or 
less of granitic bowlders, our attention was directed by, the guide to a 
large black object on the bottom, among a mass of stones. This he 
asserted was a monster Togue, which, if such was the case, must have 
exceeded three feet in length ; moreover, he showed us two notches on 
the side of his canoe, representing the dimensions of an enormous indi-
vidual, which an Indian ba<l speared in the same waters during the 
spawning-season, the admeasurement being no less than four feet five 
inches. 
'fhe average weight of the Togue is seemingly about nine pounds, 
but this may not be altogether corre0t. I have seen individuals weigh-
ing fifteen pounds, and fishermen and Indians speak of having· captured 
Togncs from twenty-five pounds to thirty pounds, and even forty pounds 
in weight. Probably the largest seldom leave the deep bottoms of the 
great lakes. A noble specimen of this uncouth-looking denizen of 
tl1ese forest-shaded lochs is now before me. If ever bull-trout deserved 
the name, those prominent eyes, huge muscular jaws, broad back, deep 
8i<lcH, with the force of the frame centered in front, might well win that 
appellation for the Togue, Tbe Indian indulges his love of the marvel-
ous when talking of him; and although often impromptu stories are 
got up to amuse and impress you with the learning and knowledge of 
the speaker, still, even in the absence of unwritten history, one may 
detect figments of their wild legends and mythology strangely mingled 
even with the traditions of their earliest Christian instructors, of 
monster Togues and Sturgeons that appeared on the surface of the 
lakes at night, striking such terror among the tribe that they were forced 
to abandon their huuting-grounds; indeed, such, with the pigmy fairies, 
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giants, and other offspring of their ever-fruitful imaginations, renderel\ 
famous whatever localities the apparitions were said to frequent. 
Raftsmen accustomed to pass along Grand Lake aRsured me that they 
had often seen a shoal of Togues depositing their spawn, and surroundecl 
by thousands of eels, hornpouts, dace, &c., which assemble to feed on 
the ova ; moreover, that neither the males nor the females remain beyontl 
a few days on the ground. Sometimes the roe is deposited between 
stones, where the males may be observed fertilizing it. At this 
season the Indian plies his spear unmercifully, killing hundreds and 
wounding more. Tlte flesh varies in color, from orange to cream color 
-according, I imagine, to the season of the year, As an article of food 
it is very fat, with little flavor, unleR~ in the shape of " fish-cake well 
seasoned by Harvey's sauce," when the :fisherman's appetite will pro-
nounce it a delicacy, only surpassed a hnndredfold by a broiled or fried 
brook-trout, or its congener the silvery salmon-trout, 
xn.-ON THE SPECKLED TROUT OF UTAH LAKE. 
Salmo Virginalis, Girard. 
By Dr. H. C. YARROW, U. S. A., snrgeon and naturalist of the expedition for explorations 
and snrveys west of the 100th rneridian, in charge of Lieut. G. M. Wheeler, "Cnited States 
Enginoors. 
The lake trout, or, as it is sometimes called, the brook and speckled 
trout, by tl1e inhabitants of Utah; is one of the most characteristic 
and numerous fish of the Territory, affording a valuable, healthy, and 
cheap article of diet. This fish has existed for years in immense num-
bers, and for this reason it is rather singular that its occurrence was not 
noticed until the party under Lieutenant Wheel'er, of the Engineers, 
visited Utah Lake in 1872. This fish is found in Utah and Paugwitch 
Lakes (the latter in Southern Utah) throughout the year, being most 
abundant during July and August, at which time these notes were hastily 
made. 
In comparison with the other fishes of Utah, the lake trout is un-
doubtedly the most numerous and most easily captured ; how long, 
however, this condition of affairs will last it is impossible to say, the 
supply having greatly diminished during the past few years, owing to 
reckless methods of fishing and increase in the number of fishermen; 
moreover a larger demand is now made for this fish, owing to increase 
in the number of settlers. The decrease in the yield may be roughly 
estimated at about one-third, but this percentage is slowly but surely 
increasing. The greatest size this fish attains, as far as could be learned 
on inquiry and from personal observation, is three feet; weight about 
fifteen and a half pounds. The average length, however, is about four-
teen inches, and average weight one and a half pounds. The rate of 
growth is not known, although it is stated by the fishermen to be per-
haps an inch per annum, but according to my own belief the rate is 
greater. The fish is supposed to attain its full size in about five years. 
In shape there is very little difference between the male and female; 
thongll near the breeding season the female is the larger and more 
brilliant in color. This increased brilliancy of color affects both sexes, 
but is noticeable in a more marked degree in the female. About breed-
ing-time the eyes are brighter, scales more brilliant, and the superficial 
blood-vessels more fully engorged than ordinarily; the movements are 
more rapi<l, a celerity being displayed quite at variance with its usual 
somBwhat sluggish habits. This fish winters in the deepest waters of 
tlle lakes, as mo~t of tlle mountain streams to which it resorts in spring 
and summer are shallow and very cold. The male and female, large and 
small, rnu indiscriminately together, the presence of this fish in any 
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particular locality being indicated by the presence of flocks of birds 
hovering over the water. Except in the month of July, when unusualll 
sluggish, the lake trout may be taken at any time with the hook and 
line, and, being high-spirited and particularly gamy, affords excellentt 
sport for the angler. In summer it swims low in the water, in order, 
I think, to avoid the extreme heat of the sun. In winter it prefers the 
deepest water. 
As far as could be ascertained the spawn has not been observed to 
run from this fish when captured, either by the line or net, for the reason1 
most likely, that the gravid female is seldom takeu just prior to or 
during the time of spawning. It first enters the mouths of mountain 
streams and rivers to spawn about the middle of March, remaining 
until the middle of May, by which time the majority have fulfilled their 
reproductive functions. It is at such times that the fishermen, lying in 
wait at the mouths of the rivers, are able to capture such enormous 
quantities. In coming on to the breeding-grounds all sizes are found 
together, young and old, little and big. The favorite localities for feed-
ing in suminer are close to the mouths of .rivers, the water of which 
from the mountains is ice-cold, from ten to twelve feet deep, and the 
current very swift. As already stated, the cold water is pref erred in 
summer and warm in winter. 
After spawning the. trout invariably swim in schools, from one part 
of the lake to the other, in search of food, a solitary fish at such time 
being seldom seen; in traveling the trout is nearly always accompanied 
by its friendly companions the mullet, sucker, &c., which share with it 
the danger of attack by man and birds. 
Notwithstanding the apparent affection existing between the different 
species of fish in Utah Lake, the trout does not hesitate to prey to a 
large extent upon the young of other kinds, suffering itself, in return, 
in the same way, but in a much less degree. The trout is very vora-
cious, devouring other fish smaller than itself, particularly a species lo-
cally known as "silver-sides," of from two to six inches in length; on 
dissection, I have found the stomach of the trout crammed with these 
little fish. Grasshoppers, too, are a source of diet to the trout, with 
fl.ies aml other insects, while they do not disdain even snakes and frogs 
of tolerably large size. With regard to the methods of feeding I have 
not been able to perceive or otherwise learn of any peculiarities of the 
trout unless it be the great eagerness with which they seek their food, 
and the rapidity of devouring the same, especially with reference to bait 
on the hook. The quantity of food it consumes, judging from personal 
obser,•ations and acconnts of experienced fishermen, must be enormous. 
Doring the spawning season no very observiable changes take place in 
the trout except those mentioned above, and also, that the under part of 
the cheek of the female becomes very bright. As a rule, it may be stated 
11. t in •·r 1 1"ll appearance the male is much brighter than the female 
thi. , 1 and that the former is the smaller. 
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Before spawuing the nest is made in the sand or gravel by a rotatory 
motion of the tail of the male. Into this cavity the eggs are exuded by 
the female, which is sedulously guar<led by the male until the process is 
completed, when the latter deposits the milt which is to impregnate the 
eggs. No further care is taken by either after the deposition of the 
impreg11ating substance. Most of the spawning is done in the rivers, 
but the process takes place in the lakes also to some extent. Spawning 
is grnatly iuterfered with by the nets used by the fishermen; knowing 
the time when the fish begin to run up the rivers, the nets are drawn 
near the mouths of the waters, and large numbers of fish taken. It is 
not known at what age this fish begins to breed, nor what period of 
time the process continues, although both these points might be defi-
nitely ascertaiue<l by careful observation of captives under favorable 
circnmstauees. The act of spawning exerts an injurious effect on the 
flesh of the fh_.,h, rendering it poor and insipid. In addition, many of the 
fish seeking the upper parts of the rivers, to fulfill their reproductive 
duties, do not survive the severe bruises and other injuries they meet 
with in the journey past the rocks and through the rapid currents of the 
mouutain streams. 
The water in the locality in which the trout spawns has never been 
noticed to be whitened by the milt, but it <loes present a translucent 
piukish appearance after the event. 
The temperature of water most favorable for hatching appears to be 
the col<lest obtainable, the eggs, in many cases, being laid directly on 
the bottom of ice-cold mountain springs. · The color of the spawn is 
whitish pink, each egg, just previous to spawning, being of the size of 
No. 4 shot. In July the eggs are not larger than No. 12, or dust-shot. 
The eggs, when spawned, always sink to the bottom, where they remain 
unless eaten or carried away by the swift current. As already stated, the 
nest is made from gravel and stones entirely, no other materials being 
used as far as has been observed. The eggs are hatched in March, 
April, and May, but the number of days required by the process is not 
known. The spawn and young fish suffer greatly from the attacks of 
other fi~h, aquatic reptiles, and even from the large fish of their own 
species, these seeming to have no affection for their young. It is rather 
a singular fact that the very young trout is seldom seen or taken either 
by the hook or net, and I am unable to account for the same unless it 
is that, it resorts to unknown localities until a larger growth is obtained. 
Its food, so far as known, consists principally of small insects. 
No steps have as yet been taken to increase the -suppl,y of this 
valuable fish by artificial means, the yield still being large enough 
to meet the wants of the settlers and miners; but in the course of a few· 
years artificial propagation must be resorted to, for although certain 
laws have been passed regulating the size of the meshes of nets, no 
attention is paid· to them by some greedy individuals, who think 
only of filling their ow~ pockets at the expense of future generations. 
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It may be mentioned in this connection that a letter, prepared at the 
request of the Hon. G. Q. Cannon, and bearing on· this subject, has beea 
presented to the legislature of Utah. It suggests the enacting of cer-
. tain laws with reference to the preservation of fl.sh, &c., and that the 
same be rigidly enforced when passed. 
No epidemic causing sickness or destruction of life among the trout 
of Utah and Pangwitch Lakes has ever keen known, nor is this fish 
ever affected with parasites, as are many of the marine species. I must 
state, however, that I have been !nformed by a trustworthy _friend that 
the same fish of the lakes in the Yellowstone region is uneatable in the 
summer, its flesh being riddled and fiiled with parasitic tape-worms of 
considerable size, many, according to Dr. Leidy, being jive inches in 
length. Mr. Carrington, whose notes accompanied the specimens exam-
ined by Dr. Leidy, states that the smaller worms were contained in 
cysts adherent to the ext~rior of t~e intestines, while the larger ones 
up to six inches in length were found imbedded in the flesh. From five 
to fifty of the parasites were found in a single fish. When numerous they 
appeared to affect the health of their host, and the fishes most infested 
could generally be told by their duller color, meagreness and less activity. 
Dr. Leidy states that this worm belongs to the genus Bothriocephalus, 
or l'ather to that section of it now named Dibothrium. Two species 
have long been known as parasites of the salmon and other members of 
the same genus of fishes in Europe; but the tape-worm of the Yellow-
stone trout appears to be a different one, and may, from the shape of 
its head, be named with propriety Dibothrium oordioeps. 
The trout of J]tah Lake may be taken at nearly all seasons by both 
hook and net at all times, but in Pangwitch Lake by hook only, since 
fishing in any other way is prohibited by common consent. This, how-
ever, is no hardship, since large captures are easily made with the hook, 
I myself having taken from thirty to forty pounds weight in a single 
hour's fishing. The hooks used are simply large steel ones, with a 
snood, or snell, ot piano-wire, which is strong and flexible. The best 
bait is minnow and grasshopper, although this trout will bite at almost 
anything. In Pangwitch Lake a fish's eye is considered a very tempt-
ing bait. The nets used in Utah Lake are made of Nos. 9, 12, and 
18 cotton twine, are generally four hundred yards long, eight to ten 
feet deep, and are furnished with brails at either end ; when employed 
they are reeled into t,he hoats by means of a wooden windlass in the 
stern. The average daily catch of one person with hook and line would 
perhaps be twenty pounds, or about thirty-six hundred pounds the 
entire season; for a net of the dimensions above specified, one hundred 
and fifty pounds daily in summer and thirty or forty in winter. 
This tront is highly prized by the settlers and miners of Utah, and 
quite a large proportion of those taken are consumed in the immediate 
1wi~I borhood; the remainder is sent to the different mining camps, set-
tlements, and the Salt Lake Oity market. As an article of food its 
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excellence is not surpassed by any :fish, either fresh or salted. The deli-
cacy atl(l firmness of its flesh commend it to all who have a preference 
for fish-diet. Furthermore, it retains for a longer period than most fish 
its unequaled and unique flavor. All that are captured are readily 
disposed of, mostly in a fresh state, though a few are salted and smoked. 
In no case is it used for manure, nor is it ever exported. The retail 
price of the fish in its fresh state varies from twenty to thirty cents per· 
poun<l; wholesale, from ten to fifteen cents; salted ones bring from ten 
to fifteen cents. These prices are about those formerly obtained, and 
are now current in the Salt Lake market. 
The foregoing observations, as already stated, are the result of notes 
taken in Utah in July, 1872, by my assistant, Mr. Henshaw, and myself, 
though in some instances valuable aid and information were obtained 
from Mr. Peter Madsen, an intelligent Danish fisherman of Utah Lake, 
who kindly placed at our disposal data obtained during many years' 
experience acquired in this locality. 
In co11elusion, it may be stated that the Utah Lake trout is of vast 
economic importance to the settlers of the Great Salt Lake Valley, sup-
plying as it does a comparatively cheap and most excellent article of 
sustenance, and one to the preservation of which special attention should 
be speedily given, since, if means are not shortly taken to prevent the 
destructive methods of fishing now employed, the species must become 
extinct after a few years. A number of fishermen, having no fear of the 
Jaw, which is virtually a dead letter, are in the habit of Yisiting Utah 
Lake from Salt Lake City and other localities, and make use of nets of 
very small mesh for the express purpose <;>f taking in the small :fish, 
which rea<lily sell for ten cents per pound in the Salt Lake market. As 
alread.v mentioned, this reckless and destructive mode of fishing is in 
no wise tolerated by the people of Pangwitch, nor should it be by the 
residents of Provo City, near Utah Lake. Mr. Madsen, who lives on 
the laki:>, and who has been engaged in fishing for the past eighteen 
years, complains bitterly of these interlopers au<l law-breakers, as he 
finds his profits are gradually decreasing with the number of fish from 
year to year. He mentions that, in 1864, such was the abundance of this 
fish, tliat in one haul of the seine, discardiug all other kinds, he secured 
between thirty-five and thirty-seven hundred-weight of trout, while at 
the present time five lrnndred pounds is com,idered an enormous haul. 
In September and October the trout are somewhat scattering and do 
not approach tlie shore; consequently large hauls are seldom made at 
thi3 period. Mr. Madsen states it as his opinion that the female in 
spawning ejects only a port.ion of her eggs, as he has found on dissect-
ing the trout after the spawning season eggs of various sizes, some 
very small an<l others full grown. The manner of seiLe-fishing in the 
locality mentioned is quite =-,imilar to that pursued in the East, except-
ing that two boats are use.I instead of one, the seine being paid out 
from one of the boats, whiei1 generally takes position to the south ward 
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of Provo River, while the other, with a line attached, makes a semichl 
cle. As there is a perceptible current setting from the southern arm of 
the lake, increased by the southwest wind, the net is gradually driftet 
to near the mouth 1Jf the river; the boats then approach each other, 
the brails are seized, and the lead-line is held down by the feet of the 
fishermen, who jump into the shallow water into which the net is drawn~ 
the fish being secured as the net is gradually hauled· in. In wintet 
fishing is carried on under the ice, holes being cllt at certain distanc811 
and the net introduced by means of spars; it is then dragged to a favor .. 
able open space, and the fish collected. The hauls in winter, however, 
scarcely repay the labor bestowed ; the net is sometimes seriously dam -
aged, and the trout are shy and run into deep water; but the so-callett 
.suckers are very numerous, and meet with a ready sale. 
The accompanyiµg maps will afford a.better idea of the lakes in ques-
tion and their tributaries than any description I could possibly give. 
They are copied from the maps of Lieutenant Wheeler's report of the 
Territory, and are 1·eliable. To this gentleman I am indebted for per-
mi.ssion to publish these observations, which form part of his Report on 
the Ichtby.ology of the West. 
XIII.-1IISCELLA:N"EOUS NOTES AND CORRESPO:NDENCE RELATIVE TO 
SAL110:N AND TROUT • 
.A.-0:N THE SALMON IN l\I.A.INE. 
DENNYSVILLE, ME., A1tgu.st 3, 1872. 
DEAR Sm: ·when you were here, I did not have time to give any 
intelligent information concerning the salmon, its habits, &c. I am 
sorry I do not have the positive knowledge which would be of most ser-
vice to you, but, in place of that, will give yon some indirect, some 
circumstantial evidence which may serve some purpose. 
I have been surprised at seeing hc,w late the deposition of the spawn 
is now cousidereu to take place, and I am not ready to believe that under 
normal conuitions, at least on this river, it is anywhere near so late. I 
myself have never seen their operations. 
My notion has been that the large early salmon deposited their spawn 
as soon as they reached the proper places. Certainly, many of them 
seem to be as forward as the alewives, who hardly get above the d&,m 
before commencing, the most forward of them, to leave their eggs; for 
small alewives are ready to return at so early a period that they must 
have begun growing in May. These get to be about as long as one's finger 
when they come uown the river, and schools of them, probably from 
later and later deposits, keep coming down till after the river freezes, 
and two years ago masses of them got entrapped in the "anchor-ice" in 
Meddybemps Lake, and were then washed ashore and perished in wind-
rows on the beach. 
Now, some few things as to the salmon. Years ago they could be 
caught by the boat-load. They were too numerous to escape the same 
observation which the alewives attracted. I never heard of anybody 
who knew, or supposed, or suspected anything to the contrary of their 
comiug down the river and going right off to sea as quick as they be-
came large enough to swarm, there to remain and get their living, where 
alone a living was to be had, till they became large enough to return 
(some two or three years) and leave their own fry, which would corre-
sponcl, pcrllaps, to the later alewife-fry. If young salmon (other than 
the little fry hurrying off to sea) were caught, or were in the river-that 
is, if they hung around and went up stream. the next season, and the 
next, I cannot but think we should have found it out, some of us. My 
eyes were certainly sharp enough to know a trout when I saw it-and I 
caught any amount of them-and to be safe from confounding it with 
a young salmon; and if blinu, I should have found out the difference 
hy tllc taste. 
S. Mis. 74--24 
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As I think I told you, from earliest spring till late in the summer 
there were always (more formerly than now) weirs up and down th~ 
river from just below my house to the falls, in which salmon, a1ewhes, 
herring, frostfish, smelts·,. sturgeons, &c., were caught, as well as a few 
nice but unmistakable trout; but in all this period I never kne.w of 
but two young salmon, children, to be caught. These were caught in 
one tide in one weir down the bay, some fifteen or twenty years ago, and 
we had them .cooked, and ate them. 
Of course, if two have been caught, others may,_ and probably have 
been; but in that time hundreds of shad, and bass, and mackerel have 
strayed away from their fellows, and been caught also ; so that it is hard 
to regard the coming of these young saln;10n as otherwise · th1:1n excep-
tional in this little river. In large rivers, where there is more to eat, it 
may be different. 
In late years, now that there are legions of little boys fishing in the 
fall of the year in the pond at the mills, it is reported that they have 
occasionally drawn out, with the chubs and trout, a very small specime~ 
of a salmon, about as long as :ai smelt or a very small trout; and I pre-
sume that always, when the gates of the water-wheels were shut down, 
. and little alewives were stranded in the puddles underneath, that sai-
mon-fry were with them. The men sawing would have expected nothing 
less; and it would probably have been only the uniform absence of 
salmon-fry that would have excited any attention or remark~ 'fhis is 
the way it seems to me. Of late years, the number of fish has been too 
small to give much of a chance of stranding a little one, even if the 
old rocky puddles had been left in condition. 
More than this, it does not seem probable that a year-old fish would 
ever trust himself up the river, unless he were a candidate for starvation. 
The.re are flies enough to support a few chubs and trout, and that seems 
to be all. The salmon and alewives seem to deteriorate rapidly in con-
dition with every step they take from the sea to the highest point they 
reach. Those taken much above the mills we think of little account. 
Coming in from the sea, at the mouths of the bays, salmon are occasion-
ally caught with a codfish-hook and a piece of pork, perhaps, and when 
they are leaving the river, black, and eel-shaped, and ravenous, they 
have been caught in that way also; but between these two periods, they 
seem to subsist upon ~nd consume their own substance laid up at sea, 
together with what few insects they pick up. The yQung of the ale-
wives are grown in the large shoal lakes, where there seems to be some 
little chance of subsistence for a. small fl.sh, while the salmon is confined 
to the little stream itself, with its scanty supply of food. 
I hope I haV'e not tired you with these details, which possibly you 
understand very much better than I. 
Yours, truly, 
THOMAS LINCOLN. 
Professors. F. BAIRD. 
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B-O~ STOMACHS OF SALMON AND THEIR CONTENTS. 
1.-0N THE CJECAL .APPENDAGES OF THE STOMACH. 
NEW HAVEN, February 22, 1873. 
DEAR SIR: I looked over some salmon-stomachs last November. I 
told l\lr. Smith the result, and supposed that he put this item in with 
his report to you. I learned the other day from him' that this was not 
the case. 
The fact was, that there was no regularity" in the number or arrange-
ment of the crecal appendages. They ran all the way from 44 to 70, 
gradually, continuously, and without grouping. 
Very respectfully, 
J.AMES K. THACHER. 
Professor S. F. BAIRD. 
2.-0N '.l'HE CONTENTS OF '.l'HE STOMACH. 
NEW HAVEN, Novmnber 11, 1872. 
DEAR Sm: I have carefully examined the salmon~stomachs, sent on a 
few days ago, but find nothing in them which could have served as food. 
TlJe stomachs themselves were entirely empty, except one, which con-
tained a single specimen of the external, Caligus-like, parasite, sent by 
Mr. Atkins as from the salmon. This may have been accidental. The 
intestines usually contained, especially in the pyloric region, consider-
able mucus, which revealed nothing under the microscope. In several 
specimens, the intestines contained a few fish-scales, which, I presume, 
are .those of the salmon, as they were also frequently found upon the 
outside of intestines, and loose in the packages. 
In one specimen, there were two small bits of wood in the intestine 
These specimens, with a few intestinal worms, which were found, I have 
preserved to return with the stomach~ as soon as you wish. 
Very truly, yours, 
Professor S. F. BAIRD, 
Washington. D. O. 
SIDNEY I. SMITH. 
[ .A.ccording to Dr. A. C. Hamlin, the examination of many hundred 
~almon in the Bangor market revealed no kind of food, excepting in a 
single instance, where two small fishes were discovered.-S. F. B.J 
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C-ON THE SILVER-TROUT OF MONADNOCK LAKE, NEW 
HAMPSHIRE. 
KEENE, N. H., October 30, 1872. 
DEAR SIR: I send you by express to-day a few specimens of the "silver-
trout," or'' Dublin trout," as they are called here. They were caught in 
Center Pond, in Dublin, yesterday, and are fair specimens of the varie1J 
found there. · 
The pond lies at the foot of Monadnock Mountain, and is somet_imea 
called Monadnock Lake. The shores and bottom are covered with a 
:fine white sand. The water is al ways much colder than that in the 
neighboring ponds, as it is fed only by deep springs, there being no · 
stream running into the pond. The water is also very clear. In the 
pond are a few dace, perch, and eels, which are not in any way peculiafl 
I believe the flesh of these trout is a fine salmon-color, and they have a 
great local reputation for the angler arid for the table since the settle. 
ment of the country. They are caught only in May or June and in 
October, when they seek their spawning-beds in the shallows of the 
pond. Great numbers were formerly taken from the spawning-beds, 
but they are now protected by law at that season. They are thought 
by our i;i,nglers to be a different species from the brook-trout of our New 
Hampshire streams, and by some are claimed to be "land-locked sal-
mon." I hope these specimens may enable you to decide these questions. 
As the colors will be damaged by the alcohol in which I send them, I 
give yon the notes of the coloring of a female, measuring nine inches 
in length and weighing four ounces: iris, dark-brown; upper part of 
head, black; giil-covers, silvery white, with prismatic reflections ; lower 
jaw, white, with a dark line near the mouth;- back, light olive-green; 
sides, light-green to lateral line, and then much lighter, shading rapidly 
to white of belly, the whole gleaming like silver in the. sun-light, even 
under water; belly, white, tinged with bright vermilion. Sides covered 
with golclen spots, rather faint in color, from one-eighth to three-six-
teenths of an inch in diameter; lateral line very distinct; the pectoral, 
ventral, anal, and caudal fins bright vermilion, with the larger rays in 
each white; the dorsal and adipose :fin8 olive-green, mottled with 
brown; the scales are small, but very distinct. The male is darker 
colored, with much more red upon the belly, and has small red spots in 
many of the yellow spots, resembling much more some of our brook-
trout. I may add that no· other pond, as far as I have learned, bas 
trout marked like these. 
Hoping these specim.ens may arrive safely and in a satisfactory con-
dition, I remain, yours, trnly, 
Professor S. F. BAIRD. 
THOS. E. HATCH, 
Com, on Fisheries for New Hampshire. 
['fheae fish proved to belong to the group of lake-trout, probably 
closely related to what Dr. Prescott called Salmo symmetrica.-S. F. B.] 
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D-0~ THE EDIBLE QUALITIES OF THE S.ACRA.MENTO SAL-
MON. 
SAN FRANCISCO, Augu,st 1, 1872. 
DEAR SIR: Your esteemed and very interesting favor of the 12th 
ultimo reached me not until yesterday, owing probably to some irregu-
larity of the mail. It is quite encouraging to us out here to learn that 
the commissioners of the Eastern States are taking an interest in the.fishes 
of this coast. Born and raised on the Atlantic seaboard and accustomed 
from my boyl10od to fishing in its waters, I have found much to interest 
one in the marked difference of the fishes of the Pacific coast from. those 
of the Atlantic. 
As a rule (with the exception of the salmon) the fish of this coast are 
not so good in quality not so reliable in quantity, neither are there large 
l'UUS of migrator;y fish, as is the case on sour coast. The herring comes 
into the harbors in schools, but not in quantities. The mackerel is rarely 
seen, and the few that frequent our bays are small, and, as a general rule, 
applying to all our fish, saving the salmon, there is a ·want of both 
fatness and flavor. Tl.le halibut we also have somewhat plentiful on 
the northern coast, and sometimes in small numbers as low down as 
the harbor of San Francisco. 
Our great and reliable fish is the salmon, visiting our coast, in swarms 
annually, from the Bay of Monterey to the extent of the Territory of 
Alai,;lrn. The salmon of the harbor of San Francisco are a large, fine, 
fat fish, and are a valuable article of food, and are sold in the season as 
]my as five cents per pound. They are equal1y plenty in all the bays 
and inlets north of this, improving in flavor as you go farther north, 
until, in the bays and rivers of Alaska, they exhibit a flavor and rich-
ness utterly unknown to the epicure of the world at large. The desire 
of the people of California to ha,~e introduced iu these waters the shad 
i;;timulate<l the commission to attempt the bringiug across the continent 
the ;roung fish from the Hudson River, and we are indebted to Mr. Seth 
Grec11 for successfuUy placiug in the Sacramento River some fifteen 
thommnd, alive, in good health and condition, and we await with faith 
and patience their return from the ocean. In the mean time, I, this year 
provi<kcl tram,portation for and desired Mr. Green to send us fifty thou-
sand more, for the purpose of pursniug the experiment yearly, until the 
first return might assure us of success; but the engagements of Mr. 
Green are Rtich as to prevent his coming with them. himself, and the 
<lifficultics of transporting them be deemed too great for him to intrust 
the care of them to any one else. 1\-ir. Green has written me upon the 
Rubject of 01Jtaiui11g- salmon-ova on this coast, and I have answered him. 
that they can be olJtained here in the vicinity of San Francisco in un-
limited c1uantity. 
Referring to the mission of l\lr. Livingstone Stone, I would add that 
l1ere he can have every facility for obtaining salmon-ova, and the im-
pregnation of them. The fisheries which supply this city with salmon 
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are but a few miles distant, and are landed twice a day daily by 
steamers.· The fish in full spawning condition can be obtained directly 
from the nets, and the transportation of impregnated spawn is available 
daily by express. It will give us great pleasure to meet your friend, Mr. 
Stone, and you will do me a favor by advising me of the time of proba-
ble arrival here, that I may be on the lookout for him. I know that he 
can teach us many things upon this, to me, very interesting subject, and 
it will give us great pleasure, not only to meet, but to be as useful to 
him as we can be. · 
With much respect, I remain, very truly, fours, 
S. R. THROCKMORTON, 
Chairman California Commission of Fish and Fisheries. 
Hon. SPENCER F. BAIRD, 
United States Commissioner of Fish and Fisheries. 
E-ON THE SALMON-FISHERIES OF THE SACRAMENTO 
RIVER. 
BY LIVINGSTON' STONE. 
CHARLESTOWN, N. H., November, 1873. 
DEAR Sm: In reply to your inquiries as .to the extent and nature of 
the salmon-fisheries in the Sacramento River, I have to say that in 
February, 1873, I went to the Sacramento River and at Rio Vista and 
other points gathered the following rather fragmentary notes, which I 
present here as supplementary to my report on the Sacramento River 
for 1872. 
The fishing on the Sacramento is done in three ways: 1st, by drift-
nets; 2d, by fyke-nets ; 3d, by sweep-seines. 
1.-DRIFT-NET FISHING. 
The drift-nets are used exclusively for catching salmon. They have 
an 8¼-inch mesh, are usually 40 meshes deep, and from 150 to 200 
fathoms long. As nearly as I could learn, there were not far from a 
hundred salmon-nets in operation on the Sacramento River in 1872. At 
the meeting of the salmon fishermen of the Sacramento that year, there 
were 95 boats represented. 
These nets are worked by simply drifting them with the tide. The 
salmon, which of course are heading against the tide, are gilled in the 
meshes. The turn of the tide is the most favorable time for this sort 
of fishing. 
The nets are frequently drifted a mile before being hauled in. The 
salmon-fishing is conducted entirely by white men, no Chinamen being 
allowed to participate in it. There is no law regulating the matter, but 
public opinion is so strong in relation to it, and there is such a prejudice 
a "a inst the Chinamen, that any attempt on their part to engage in salmon-
-,hiog would meet with a summary and probably fatal retaliation, 
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The nnmber of fresh salmon shipped from Rio Vista to San Francisco 
in the year 1872 is as follows: 
January .......................................... - •· •····· 
February ....................... -...... -.... - • - • • • • · · • - • · - · 
J\larch . . . . . . . . . . . . . . . . . . . . , - ... - ........... - - • - - • • • • - - • - - · 
April ..... ......................... - .. - ...... - - .. - · ·. - · · · · · 
J\Iay . ....................... - ....................... - . - .. . 
June ....... .. ....................... , .........•....... u • - • -
July . ....................... - .... - ............ - - . - - . - - .. · - -
August ...................... - -.. - .. - - ....... - - .. • • • - . - - - - • 
September .... . ....................................... - ... . 
October ................................... - . - .. - - - • - • • - - - · 
N ove1n ber ................ - ................•....... - .. - .... . 













Total. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 671 
On one day in February, when I came down the river, there were put 
on board the steamer, at Courtland, 7 fresh salmon; at Rio Vista, 32 
fresh salmou; at Sherman Island, 32 fresh salmon; at CollinsYille, 123 
fresh salmon. 
The daily number of fresh fish (salmon and sturgeon) brought down 
the Sacramento River to San Francisco in 1872 by the steamers of the 
Central Pacific Railroad Company, is as follows: 
JAXUAUY. 
Dato. 
January 1 ..........•••. 
2 ·········----· 
3. ·· · ······ .. . . 
·1 • ••••••••••••. 
5 . - - . - - - - - • . - - . 
n ......... . .... . 
7 ............ .. 
8 ············--
!) ·• • •••·••·•••· 
10 .... . .......•. 
11 ............. . 
12 ............ .. 
1:1 ·•·•·•·••··••· 
14 •.•....... . ... 
]:i ............ .. 
Hi ...... . ...... . 
17: ............ . ,~ ........ ······ 
}!) •.•.• • .••.•.•. 
20 .... . ........ . 
:ll ...........•.. 
2:! ·- - --- - ---· - .. 
2:J . •••••.•• . •.•. 
2·1 •••••••.••.••. 
2:> - ------- -- - - -
2(i .•.•••.••..••. 
27 .... . : . ..... . . 
2tl ............. . 
2!} .•.• • •.••..•• . 
:io ......... . .. .. 
FEBl:UAltY. 
l •'isli. Date. 
87 February 1 ..••.•........ 



























4 ............ .. 
5 .. ··•••••••·• · 
(i .•••••••••..•. 
i ............. . 
8 .• ••••.•••.•• . 
n .. . .......... . 
10 ..•...•... . ... 
11. .......... . . . 
12 . .•.....•..... 
1:3. ............ . 
14 ...... . ....•. ·. 
1!'.i .••••• ···· · ·--
16 ............ .. 
17 ... . ......... . 
18 ............. . 
l!J . ........... .. 
20 ......•....... 
2l. ........... .. 
22 . ............ . 
2:L .....•..•.... 
24 ............. . 
2.J ..... ·--- -- . ·-· 
26 .••.......... . 
27 . ..•.......... 
2:-l . ........... .. 
2~ . -- ......... . -- . 
l\L\HCH. 
Fish. Date. 
326 March 1. ••••.....••••••. 
174 2 .....•........... 
287 3 ....•.• ·•· · •••••· 
Vii 4 ......•.......... 














6 . ••••••.••••• • .•. 
7 ... . .••.••• ·••••· 
8 .•.......•••.••.. 
!) • ••••••••••• • •••• 
10 . .•.•.•..••••.•.. 
IL ............... . 
12 ............•.... 
13 ... . .. . ..•..•.•.. 
14 .....•...•..•.... 
15 ...•....•..•• . ... 
16 ................ . 
17 ................ . 
lt:i . •••...•••••••••• 
19 ..............•.. 
20 ..•••.. ·•·•••···· 
21. ...... . ....... .. 
22 ..•.••• ·•·•••·•·· 
23 .....••.••....••. 
24 ..........• ··•• · · 
25 ................ . 
26. ········••••·•·· 
27 .••••••..•••••••. 













14l Total....... . 5, iW 
30. ·•••••···•••· ... 


























Total... . .... 5,514 Total. . . . . . • . 11, 394 
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APRIL, 
Date. Fish. 
April 1................. 243 
2 ······ · ••········ 57 
July 
3 ••••••••••••••••· 198 
4 ···············• · 439 
5 ••••••••••••••••· 4; 711 
6. ·•···· •····•···· 114 
7 ••••••••••••••••• ...... .. 
8 ••••••••••••••••• 428 
9 ·•·····•········· 372 10. .•.•... ... ..•• .. 418 
11.................. 599 
12. .••..• ....... ... 578 
13 ..•....... ....... 310 
14 ···•••·····•···•· ....... . 
15 ..•.. ··•·····•··· 589 
16 ·••··· .•...•. •... 960 
17 ... . •. . . .. . ..•... 863 
18 .••• .. . .. .. . . • . . . 879 
19 ..••.. ··•···· .•.. 643 
20. ••••.. .....• .•• 581 
21 ..............•.......... 
22 ..••....•...•. ., 693 
23 ·•··•••·······•·· 905 24 ••••.•........•.. 827 
25 ..•••.. .•••...... 1, 123 
26 ................. 235 
27 ·•••·•····•······ 435 
28 ................. ······•· 
~~ ::: :: : :: ~: :: : : : : : 1, g~i 





3...... ........... 134 






10...... .•••.••.•.. 214 
11................. 266 




16 .••••• •••••• ..... 140 
17 .••••• •••••• •••.. 281 
18................. 276 






25... ••• ••••••• •••• 323 
26...... ••••••••. •• 353 
27................. 270 
28 •••••••••••••••••••••••. 29............ ..... 520 
30 •••••••••• ••••• 112d 
31................. 345 
Total. • • • • • • • • • 5, 043 
MAY, 
Date. Fish. 
May 1.................. 1,485 
2.................. 1,758 
3.. .. .• . • . . . . • . . • . . 1,342 
4 .•• -................ 560 
5 ......................... . 
6.................. 998 
7 ... ... . . ... . . . . .• . 1,487 
8.... .. . . . .. .. . . . .. 1,298 
9.... •• .• . . .. . .. . . . 1,361 
10...... ....... .. .. . 1,046 




15...... ..•.... ..... 689 
16.... .• . • . . . .. .. . .. 1,216 
17. ... .. . . . . . . ... •• . 1,668 
18...... ....... .. .. . 712 
19 ...................•...... 
20............ ...... 694 
21. ..... ----·· ...... 929 
22.................. 899 
23.................. 859 
24...... ..•.•.. ..... 950 
25................ .. 637 
26 ........................ . 
27...... ....... .... 989 
28................. 1,193 
29.................. 1,297 
30...... ............ 1,242 
31...... ...... ..•... 603 





June 1.................. 536 
2: ........................ . 
3.................. 403 
4.................. 207 
5...... ............ 229 
6...... .... .. ...... 174 
7 .•••••• -· .• • ••• • • . 157 
8.................. 75 
9 ....••..•.••...... ········ 
10....... .. .. •• ... .. 175 
11.................. 220 
12 •.. .• . . .. . . .. . ... 300 
13.................. 357 
14....... .•. ... .. •• . 348 
15 ...•. ,......... ... 210 
16 ......................... .. 
17. .•. . . .•.. .. . •.... 564 
·1s .• :... •••••••••... 307 
19...... ....... .. ... · 306 
20...... ............ 158 
21...... ...... ... ... 41 
22............ .••... 38 
23 .....•.••....•••.. ········ 
24 ..•••. ··•···· ..... 89 
2:i.................. 157 
26 ...••. ·······••··· 139 
27 ...•.. ······ ..•... 162 
28...... ..•.... .. . .. 100 
29.... .. ....... .•. . . 109 
Total... . • . . • . . 5, 561 
SEPTEMBER, 
Date. Fish. 
August ~ :::::::::::::: t~~ September L:::::::::: ..... 1330 
3 .•..•. .•.. .••. 72 :!...... .... .. 831 
4 •••••••••..••. ·••····· 4 .••..• ·••··· 1,269 
5 • • • • • . . • • . • • • . 560 5. . . . • • . . . . . . 1, 170 
6 •••••.•••..... 747 6 ....•..•.•.. 512 
7 •••••• •••.. ••. 632 7...... .•.. .. 215 
8 .•• • •• • ••• . • . . 558 8 ...••.•.••....•..••• 
9 •••••••••· .••. 573 9...... ..••.. 708 
10 . •• •• • . •• . • • . . 159 • 10. .. • . . . ••. • . 6:i6 
11 ··•••······•·· ........ 11............ 412 
12 ••• . •• • .• . . • •. 105 12. ••• .• .••. •. 512 
13 . • • • • • • . • • • • • . 661 13. •• • • • . •• . . . 331 
14. •••••• ••. •• . 297 14. .. • . • ••.•.. 258 
15 • • • • • • • • • . • • • . 1,014 15 ....•••..••..•••.... 
16 •••••• •••·••·· 798 16. •. .. ••.. ••. 890 
17 •••••••••••• •. 186 17. .•..••.••.. 786 
18 .. • . • •• • • • . • • . . • • • . • .. 18....... . • • . 1, 112 
19 ••••••••• , ••• . 1,041 19............ 1,042 
20 ••••••• ....... 1,205 20...... ••.•.. 461 
21 • • • • • • • • . • • • • . 1, 5117 21............ 261 
22 •••••••••••• •. 1,499 22 ....••••••...••.•.•• 
23 •• •• •• • • • • . • • . 1, 061 2:i............ 567 
24 • ••• •• • • • • • • •. 165 24............ 563 
25 •••••• •••·•••· ·••••••· 25............ 385 
26 .•• ••• . • •• . • • . 427 26...... ••. . •. 303 
27 • • • • • • • • • • • • • . 243 27..... • • • • • • • 225 
28 •••••• •••••••. 341 28...... •••••. 154 
29 ·•••••••••••· 591 29 .••••••.••••.••.•..• 
30 ••• • • • • • • • • • • . 304 30.......... •• 263 
31 ••••••••••••• 240 
Total .••.••. 15,677 
Total...... 14,706 
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OCTOilER. NOVEMBER, DECEMBER. 
Date. Fish. Date. Fish. Date. Fish. 
October 1.,-----·--··--· 11:19 No,ember 1. ......... -. 40 December 1. ·- .. --·· -- . ·- ···- -· 
2 .. --· .... ·-·--· 251 2 .••••. ··---· 33 2--···-··· --· 136 
3 .•.•..... ·-·--· 462 3.·-·····-··· ...... .. 3 .. _ .. __ .. __ . 66 
4 ... --· -·. ...•.. 136 4 ... -- .. •···· 82 4. -···--·- _. 246 
5 ..••.. -- . ·-··-· 67 5.-._ .• ·--· .. 69 5 •• _. ·-··--· 213 
6 .. - --- ... ·-- - •..• - ..... 6.·---······· 111 6.- ....... -·· 128 
7. ··--·-. -- ··-·· 143 7 .. - .•• ···-·. 122 7 •••.• _ -·. _ •• 113 
8 ...•...•.• ---·· 160 8.,_. -· ·--··- 167 B---· .•••• ·-· •••• ··-· 
!J .•.••• __ •••• _.. 148 9·-···-·-··-- 43 9 .•. ··--·· ••. 234 
10. ···-···-····.. 218 10. -- . ··-·· -·· . -··· ... 10 .... _ ..•. _.. 248 
ll.·---········- 85 11. ........ ___ 91 1 l. __ . _ .. ___ . . 234 
12. ··-. ·- ..... _.. 74 12 .... ··-· ·-·. 67 12-----··-·-·· 283 
13. ·-- ..... - .. - .... - •.... 13. .. . . .. . ... . 123 13 . _ ..... ____ . 123 
14 ... ·-···--··--- !)5 14.·-·····-··· 147 14·-··--·----· 151 
15 . ... _ .... _ .. _.. 81 15 .. - .... ···-· 81 15·----· ··- -- .. ·-·· - .. 
Hi .•..•... _...... 112 16 .. -·. .... ... 98 16··-·-··---·· 116 
17 ..• ·-········· · 118 17 ···--· ···-·· . ·-·· ... 17. _. __ ... ___ . 164 
18 ...... _........ 22 18·-··-- .... .. 87 18 . _ .. __ . __ . _. 226 
10. ·-·-··... .. ... 70 19 .••. -. ···•·· 112 19 . _ • - ••• __ • • • 204 
20 ........ ····-·· ·--···-- 20 .... _ .. _.... 167 20. ·-···-·· ·-· 74 
21. ... -._· ·-- ··-· 75 2L._ .. ·-·--· 157 21.--··-···-·· 64 
22. ········-·· ... 87 22 ...... ···--. 70 22.---·· ··-·-· ....... . 
2:L. _ ...... _ . . . . . 122 23·····--···-- 50 23. ·-··-····-· 88 
24 ..••. _. ·-···-·· 114 24···---····-· ·--··-·· 24. ·-···-·· -·· 62 
25........ ....... 52 25·-···· ·-··-· 53 25·---·• ····-· 93 
20. .............. 50 26 .... _. ··-··· 58 26.·-··--···-· 127 
27 ....... ······-· ...... .. 27. _. __ .... _. . 118 27·--···•···-· 100 
28.·--·-· ··-·· ... 62 
2!). .•••..... .• ••. 18 
28 .... _. ·---·· 78 
29·--·-· ···-·· 51 
28. ·-··-··. -·· 75 
29. -·· ·-····-· ··-···-· 30 ... _ ...... ., ___ 2 30·--·-····--- 92 30.·----··---· 100 
:n ..... -- ... -··· 69 32 ... --. ·---·· 70 
Total. . _ .. _.. 3, 082 
TotaL. _ - . 2, 367 
TotaL.... 3,716 
Tlie proportion of sturgeon and salmon in the shipments of the va-
rious montlis is estimated by the San l!'raucisco market-men as follows: 
,January, 10 per cent. salmon, DO 
per cent. sturgeon. 
February, 10 per cent. salmon, DO 
per cent. sturgeon. 
March, GO per cent. salmou, 50 per 
cent. stnrgeou. 
April, mostly salmon. 
l\Iay, all salmou. 
June, all ~almou. 
July, all salmon. 
August, all salmon. 
September, all salmon. 
October, 50 per cent. salmon, 50 per 
cent. sturgeon. 
No,Tember, GO per cent. salmon, 50 
per cent. stnrgeou. 
December, 10 per cent. sal!11011, DO 
per cent. sturgeon. 
Besides the 8almon auoye mentioned, a, large number are taken by 
sailiug.vesselH, all(l by the opposition line of steamers and other cou-
veyanceH, to Sau Franci~co and the larger towns. 
The poi11ts from wllich salmon are shipped on tlie river-steamers are, 
Sacramento City, Courtlaml, Emrnatown, Rio Vista, Collinsville, Auti-
och, BP11icia, l\fartii1ez. 
In the i,;;pring of 1872 about 25,000 salted salmon came from the Sac-
ramento River to San Francisco, and in tlie fall of tlle same year about 
D,000. 1-'he Rio Vista salmon fishermen recommend the prohibition of 
fishiug from June 1 to October 1, or from June 15 to October 15. 
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2.-FYKE-NET FISHING, 
The fyke-nets have a mesh of 2½ inches. There were in the winter of 
1872-'73 eighty-five fyke-nets on the Sacramento at Ri.o Vista. They 
are stationary, of course, and are examined every twenty-four hours, 
All the kinds of fish that are found in the river are caught 'in these nets 
Mr. John D. Ingersoll, a prominent fyke fisherman of Rio Vista, in-
formed me that the daily catch for twenty nets is now about seventy-five 
pounds of fish. 
They include chubs, herring, perch, · riparous, sturgeons, hardhead4 
splittails, Sacramento pike, suckers, crabs. Of these the perch, pike, and 
sturgeon are the best food-fishes, though all of the species named are 
sold in the market. 
There has been a vast decrease in the returns of the fyke-nets during 
the last twenty years. In 1852 and 1853, they used to catch 700 or 800 
pounds a day in one fyke-net. An average of 250 pounds a day for one 
net at Sacramento City was usually expected in those times. The pre-
sent catch of 75 pounds a day in twenty nets, certain}ly presents an alarm-
ing contrast. The fyke-net fishing is conducted .wholly by white men, 
I believe, the Chinese fishermen being ruled out by force of pu~lic sen-
timent. The fyke-nets are usually visited early in the morning of each 
day, and the catch is sent down to San Francisco by the noon boat. 
The fyke-net fishing begins in November and is continued till May. 
The best fishing is when a rise in the water drives the fish in shore 
where the fyke-nets are placed. During the summer months the water 
is warmer, the fish are poor, and the fishing is discontinued. 
On the 27th of February, 1873, I went the rounds of Mr. Ingersoll's set 
of fyke-nets with him. We visited twenty nets, but as some of them ·had 
not been examined .for over twenty-four hours, the yield was supposed 
to be equivalent to one day's ftsbing for thirty nets. The nets had four 
hoops each and 14-feet wings. We took out about 120 pounds of fish in 
all. Hardheads were the most numerous, and the Sacramento pike next. 
Mr. Ingersoll said that perch used to rank second in abundance in fyke-
net fishKJg, the average for thirty nets being 200 or 300 pounds a day, 
but the perch were quite insignificant in numbers on this day. We 
found in the nets seven small vh-iparous perch and two small sturgeon. 
I learned also that mink, beaver, and otters are sometimes caught in 
the nets. In 1872 Mr. Ingersoll caught 8 minks, 2 beavers, and one otter 
iu his fyke-nets. 
3.-SWEEP-SEINE FlSHING. 
The sweep-seine fishing is given over to the Chinesa, who are not al-
lowed by public sentiment to engage in either of the other two kinds of 
fishing just described, but what they are not permitted to do by the 
prohibited methods, they make ample amends for by their own methods. 
1111 i rP. I should say, the most ill(lostrions and persistent fishermen 
11 J rh·er. They fish all the year round. They use fine mesh-nets, 
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with which they sweep every part of the river, especially the partially-
stagnant fresh-water lagoons, or sloughs, as they are called in California, 
where the fish collect in myriads to spawn. With these nets they catch 
vast quantities of fish of all sizes, and so destructive has their fishing 
been on the Sacramento, that all the fish of that river except salmon 
are disappearing with unexampled rapidity. 
It is owing to this kind of fishing that the returns of the fyke-nets 
have diminished so alarmingly the last few years. The Chinese have 
been at it for seven or eight years, and if they keep on three or four 
years more at this rate, the small fish of the 'Sacramento will be practi-
cal1y exterminated. I bad no means of ascertaining with any exact-
ness bow many Chinese fisherman there were on the river, but there are 
a large number, and Mr. Ingersoll said that they were increasing every 
year. The most of their fresh fish they send to the San Francisco 
Chinese markets as soon as caught, but they also dry a great quantity 
of them on bars and floors prepared for the purpose. These are both 
eaten by themselves and sent packed in barrels to the Chinese quarter 
in San Francisco. ·while at Rio Nita in February, 1873, I visited a 
Cllinese fishing-station on the Sacramento River. It was located about 
80 rods above the Rio Nita steamboat-landing, and consisted of a nest 
of Chinese fishing-boats numbering seven small boats and three large 
ones. There was also on the shore, just across the road, two old tumble-
down buildings with drying-bars and floors near by in the open air, 
where some of the fishermen lived and attended to the drying of the 
fo,b. The small boats were small, :flat-bottomed dories, square at the 
stern, sharp at the bow, about 15 feet long, and strongly built. 
The large boats were also strongly built, but narrow and pointed at 
both ends, and constructed in the Chinese fashion. Two of the three 
large boats had one mast, and the other one had. two masts, considerably 
raking, with Chinese sails, which were not like anything used in this 
country for sails. Nearly amidships, but a little nearer one end than 
the other, was a tent in which the Chinamen lived. There was also 
considcraulc space in the hold. of this really Chinese junk, which added 
a good deal to their house-room. 
The whole air and look of these crafts was decidedly foreign, and I 
might say oriental. 
If I nnderstanu their method rightly, the small boats are to· visit 
the slongl:s an<l various fishing points when they go out to dra·.v the 
i-ieine, and the larger boats are really only movable dwellings and store-
houses, where they. live and receh·e the fish that are brought in by the 
small boati-., and which, of course, they move from place to place on the 
rirnr as the exigencies of the c1anging fishing seasons may require. 
Youn;, res pectfull,r, 
LIVINGSTON STONE. 
Prof. S. F. BAIRD. 
XIV.-ADDITIONAL REPORTS RELATIVE TO THE HATCHING 
AND' PLANTING OF THE PENOBSCOT SALMON. 
A-NEW HAMPSHIRE. 
CONCORD, N. H., Jun·e 14, 1873. 
DEAR SIR: The salmon-eggs received from Mr. Atkins were hatched 
at Meredith with a loss of about 30 per cent., and have been turned out 
in the head-waters of the Merrimack, at Woodstock; Thornton, West 
Campton, Campton, and Plymouth, together with most of those batched · 
by the Massachusetts commission, which I have just turned out for 
them-about 160,000 in all. I placed them in the main stream at those 
points, believing that there are less enemies in the main stream, in pro-
portion to the territory, and better hiding-places on the cobble.bottom,. 
than in the small streams, to say nothing of the nearer approach to 
their natural condition in the ordinary natural way of breeding in our 
streams. 
I think I wrote you in relation. to the hatching and turning into Win.-
nipiseogee and Sunapee takes 150,000 whitefish, hatched from eggs 
procured at Missisquoi Bay last fall. This is the fourth ·year we have 
hatched more or less of this species of fish, all of which have been put 
into the same waters, with the view of showing some results as soon as 
possible. 
Last winter or early spring, I procured some of the whitefish from 
Winn.ipiseogee for you, but they were not in good condition; and think-
ing I could get some better specimens, I did not send them, and I have 
not been able to get any of them since. I will endeavor to give you 
both varieties next fall, when they can be caught freely. 
I have been very busy, and have had no time to prepare a paper for 
you on the subject of whitefish-hatching, &c., but may be able to do so 
at some future time. 
I expect soon to carry some eggs or young fry of the shad from North 
Andover, below the Lawrence dam, to Winnipiseogee Lake, where 
thousands hav-e been deposited within the past five or six years. 
I shall soon commence operations with the black bass, and hope to be 
able to stock several waters with them this season. 
I have the honor to be, respectfully, yours, 
Prof. S. F. BAIRD, 
WM. W. FLETCHER, 
Commissioner. 
United States Commissioner of Fisli and Fisheries. 
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B-NEW JERSEY. 
Srn: I have the honor to report that the share of the spawn of the 
Maine salmon awarded to the State of New Jersey, amounting to forty 
thousand, were shipped by Mr. Atkins per express February 25, of the 
present year, and arrived at Troutdale March 1. 
On being unpacked, they were found to be in excellent condition, the 
entire loss being not over one per cent., by far the least percentage of 
loss of any lot of spawn ever received at Troutdale. This I attribute to 
the method of packing adopted by Mr. Atkins, which consists in placing 
fine gauze abo-ve and below each la_yer of eggs, the netting being 
attached to a wire ring. The weight of the superincumbent mass is 
thus evenly distributed over the spawn, and they can also be unpacked, 
cleaned, and placed in the hatching-troughs with much greater facility. 
There is but little doubt but that many eggs are destroyed by the rough 
handling rendered necessary in unpacking and cleaning them when 
packed in the ordinary manner. 
The entire forty thousand were unpacked and placed upon the grilles 
of my hatching-troughs in less than an hour, 
Few spawn died after unpacking, though some were lost by the prema-
ture bursting of the shell of the egg, au accident of common occurrence, 
bnt of which I have not as yet been able to ascertain the cause. 
The trays ,vere examined twice daily, and the young removed to the 
nursery-trough, on the bottom of which fine gravel, throughly boiled to 
free it from any dirt, bad been placed. The alevin stage was short, the 
sac having disappeared by April 20. The young were then fed upon 
beef's-heart freed from all fibrous particles, reduced to a fine pulp in a 
chopping-machine run by water-power, sifted through a flue screen of 
wire gauze, and fed them drop by drop through a bulb-syringe. The 
tedium of this process may be imagined when I state that nearly three 
hours were occupied in feeding the lot. This is the most critical period 
in the existence of the young fish, and the greatest care and patience are 
required. 
On the adjournment of the legislature of the State of New Jersey, 
without making any appropriation for the use of the commissioners of 
fisheries, I ·at once wrote yon in regard to the final distribution of these 
fishes. Acting under your advice, they were placed in streams as fol-
lows: l\fay 1, 18,000 were placed in a poud containing no other fishes, 
and communicating by a small rim let with the Musconetcong Creek, 
a tributary of the Delaware; May 2, 15,000 were placed in Salmon Run, 
at the bead-waters of the Raritan River; May 14, about 2,500 were 
placed in two streams upon the southern coast of Long Island. 
Hoping that the above will meet with your approbation, I am, sir, 
respectfully, yours, 
Prof. S. F. BAIRD, 
J. H. SLACK, M. D. 
United States 00111,missioner of Fish and Fisheries. 
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0-PENNSYLV ANIA. 
SALMON-HATCHING QN THE DELAWARE. 
On March 22, 1873, by previous arrangement I received from Charles 
G. Atkins, Bucksport, Me., 40,000 salmon-eggs, forwarded by order of 
Spencer F. Baird, the United States commissioner of fisheries, to be 
hatched for the Delaware. I had already in position two wooden 
troughs, each 15 feet long and 2 feet wide in the clear, the bottoms 
covered to the depth of an inch with fine gravel, at Heitzman Spring, 
two miles above Easton, on the New Jersey side. This is a copio11$ 
spring, :flowing from limestone strata, a volume of about 600 gal-
lons per minute, and the brooks, with rapids and pools, discharglll!I 
after a course of 150 yards, into the Delaware. The eggs were received 
with but slight loss (only 305) in transportation. The· sudden transition, 
however, from water nearly as low as the freezing-point to spring-water 
at 510, forced the hatching to such extent that there was great mortaUtyi 
in the embryos, many perishing with their beads and shoulders protru~~ 
ing from the eggs. A careful record kept by the person who had charge 
of the troughs shows a loss of 14,978 eggs and a,levin from the time 
they were received until the last of them were discharged from the 
troughs-a period of about six weeks. The fry were allowed gradually 
to escape into the brook, as their yolk-sacs were absorbed, and at which 
time they commenced feeding. There are numerous large limestone-, 
springs :flowing into the Delaware in the neighborhood just at the water's 
edge, some of which are only seen at a very low stage of water. The 
fry will, therefore, find a suitable temperature in this part of the river. 
These, (say 25,000 fry,) with the 13,000 previously placed in a tributary 
of the Delaware, will, I trust, afford an opportunity to solve the problem 
whether the true salmon (S. salar) can be acclimated to this fine river. 
THADDEUS NORRIS. 
D-OHIO. 
DEAR SIR: The salmon-eggs were put in the hatching-troughs at Cas-
talia the 17th of March, and by the 1st of April 90 per cent. were out. 
Some of the eggs were developed 24 hours after reaching the spring. 
From the 1st of April to the 1st of May not over a hundred fish were 
lo@t. As they fed well at this time, the fish were placed, a few daily, in 
the large pond to care for themselves. This pond is of about 15 acres and 
contains au abundance of food ; the usual temperature of the river is 
about 45° Fahrenheit; clear as crystal and deep, with shallow margins, 
on wbich numerous aquatic plants abound. 
As there are no fishes inhabiting these waters, save small-sized species 
and the stickleback, I do not see but what the little salmon will have 
it their own way. There are at present about four thousand in the 
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pond. I do not think it worth while to send any more salmon-
eggs to this State unless it be in the way of experiment, as this is the 
only water suited to their development. It discharges itself after a 
course of six miles into the Sandusky Bay, thence into Lake Erie. It 
bas four dams in this short distance, and I doubt if a law could be 
passed at present to oblige the construction of fish ways. 
E. STERLING. 
Professor S. F. BAIRD, 
United States Comm,issioner of llish and Fisheries. 
E-WISCONSIN. 
An arrangement was made with Mr. H. F. Dousman, of Waterville, 
Wis., to afford two troughs in his batching-house for the care of the sal-
mon-ova to be supplied for the State of Wisconsin. As the Eastern 
States had assumed the expense of the care of the eggs and tb.e dis-
tribution of the young fish from the hatchjng-house to the waters in 
which they were to be placed, it was thought desirable that the Western 
States sl10uld show a like amoant of public spirit, though they were 
not as well prepared, having neither fishery commissioners nor funds 
appropriated for the purpose of fish-hatching. Several gentlemen of 
Wisconsin were consulted by letter and in person, and a bill appropriat-
ing $500 for the purpose was presented to the State legislature and 
passed, affording more than sufficient means to carry out the work for 
the season. Among those ·who were active in obtaining the appropria-
tion were Dr. J. W. Hoyt, president of the Wisconsin Academy of 
Science anu Art; Dr. I. ~.\.. Lapham, of Milwaukee; and Hon. L. J. Far-
well, of Madison. 
The first lot of spawn, 9,000 eggs, was received March 3, in very good 
conuition, only 100 dead ones being found among them. A second lot 
came to hanu on the 10th of the month, about 18,000 eggs, and with 
350 dead ones. A third lot of 13,000 arrived March 19, with 1,000 of 
them deau. The spawn were received at Milwaukee and cared for be-
tween that place anu Waterville, under the direction of Dr. I. A. Lap-
ham. 
l\fr. Dousman was in correspon<lence with Mr. Atkins, of Bucksport, 
Me., with reference to the care of the eggs, and gave them his personal 
care and attention. On the 13th of March, the first yonng fish made 
its appearance, and before the last of the month all of the first lot were 
hatched. By the 1st of April, the second lot were also hatched, and 
within a few da,,ys all of the eggs remaining good were hatched. 
Mr. Dousman started with 7,000 young fish on the 16th of April for 
the Menomonee River, and on the 17th turned them into the stream. 
They were put into the river at a rapids where the bottom was rocky, 
and which he deemed a favorable place for the young salmon. 
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This river was selected, after considerable discussion, as one of the 
more favorable streams on the Lake Michigan side of the State for the 
purpose. The Kewaunee River, of· Kewaunee County, Wisconsin, wa.s 
sAlected as another favorable stream, and on the 25th of the month Mr. 
Dousman started with all the remainder of the young fish, but 1,000, 
which were placed in Oconomowoc Lake. 
· A telegram from the steamboat agent announced the departure of a 
boat for Kewaunee the next day, and the young fish were brought into the 
city and put aboard the steamer. Before tho steamer had left the dock, 
a stiff breeze from the eastward had closed the mouth of the river with 
:floating ice, and all navigatiou from the port was stopped for several 
days. 
In a letter of May 3, Mr. Dousman writes: 
"The fish did very well until Sunday night, when they began to die, 
and on Monday morning about half of them were dead. I at once went 
to see Dr. Lapham, and we agreed that there was no use to try and get 
anywhere with t,hem by rail, as they would probably all die, and the 
only chance to get any good out of them was to put them into the 
Milwaukee River. · 
"I accordingly·took them up the river about five miles, to a very nice 
place in some rapids, and turned them loose. 
"Those that were left seemed to be in very good condition and swam 
off quite lively. 
The condition of navigation this spring was all that prevented a very 
gratifying success in the planting of salmon in the Wisconsin rivers; and 
although something may be expected from the few thousand fish put 
into these two streams, it would be advisable, if practicable, to make a 
larger experiment this fall. 
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XV.-LETTERS REFERRING TO EXPERIMENTS OF W. C. DANIELL, 
~L D., LN INTRODUCING SHAD INTO THE ALABAJiA RIVER . 
. DECATUR, GA., Janiwry 9, 1860. 
DEAR Sm: Having some twelve years ago had, through the agency of 
my frieud ::\fajor Cooper, the fecundated eggs of the white shad depos-
ited in the Etowah River, one of the sources of the Alabama River, 
and that fish having been since taken in that river aml in the Black 
\Varrior for the first time, I desire to learn whether it has been through 
the agency of Major Cooper and myself. It seems that the white shad 
made its appearance one or two years after the deposit of the fecundated 
eggs by Ma:jor Cooper, if our memories as to dates be accurate. Please 
say what is the opiuiofl of naturalists as to the time in which the fecund. 
ated egg reproduces itself. I suppose it is a difficult question. I am 
sure your courtesy will indulge this liberty. Tue solution given in 
Alabama to the appearance of the white shad iu the .Alabama, before 
advised of what we luul attempted iu Georgia for them, was that shad 
were taken by railroad from Savaunah to Montgomery, some four hun-
dred miles, and dressed in tlleir hotels, whence tlie off,Ll passed through 
gutters to the river, carrying the eggs of the fish. When it was estab-
lished that the white shad ha,d been taken in the ~.\.labama anJ. Black 
~
7arrior Rivers, a committee of the Agricultural Society of Alabama 
came to Heorgia and took, iu a hogsllead of "'atcr, a rnEnber of the 
you 'if!,' shad and placed them in the Alabama River. 
It is supposed hy I1aturalists that the whale visit8 the inlets of South 
Uaroli11a and Georgia anmrnlly to calve. That is my.belief, based upon 
a munber of facts whiell have reached me in the lal'lt thirty yearn. 
Very rm,pectfnlly all(l trnly, yonr olJedieut sernt11t, 
W. U. DANIELL. 
I iuelose the letter of .'.\faj. Mark A. Uooper, my assistant in intr0<lnc-
it1g the foe1uulatc<l eggl'l of the ·white shad into the ~.\.labama Ri,~er, 
through one of its main sonrees. i\Iajor Cooper corrouorates the date, 
which is i111porta,11t to me, as I hau in a, ktter to Col. Isaac Croom, 
Greeusborn, Ala., 8ai<l, on the rncollection of a member of my family, 
that it was not later than rn.:,o. That d.ate has berm since corrected bv the 
recollections of .i\In;. Daniell, aud my youugest sou, Charles, who ~were 
abottt at the date of my letter to Colonel Croom, and in their belief I 
tirmly concnr, from rncollections recalled by them. I have correcte(l the 
el'ror to Uolonel Croom. 
In th(• spring of 18,::iS, after the presence of the white shad in the 
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waters of tb.e Alabama, as Colonel Ctoom states from•p~rsonal observll 
tion, at the falls of Black. Warrior, near Tusmiloosa, several gentlemell 
went from Alabama to tide water, in this State, and collecting a·number 
of the fry of the white shad, transported them by railroad in a hogij 
head of water, kept cool with ice, to Montgomery, and committed thertt 
to the waters of th~ Alabama Riv~r. This, I 'believe, was done becaua 
having found that the water of tb.e Gulf was suitable, a rapid increaa 
of that fish was expected to be made. 
Very truly, yours, 
Professor S. F. BAIRD, 
Washington, D. O. 
W. C. DANIELL. 
DEC.A.TUR, GA., January 20, 1860. 
DEAR BIR : I thank you for your prompt response to my inquiry as 
to the time in which the shad attains its maturity. ·r take pleasure in sup., 
plying you with the iuformatiou .which you suggest relative to the intrOi 
dnction of the white shad into the Alabama River. 
Learning from the fishermen frequenting the Savamuth market durifl/1 
the season for taking ·shad, that there is a clear distinction between the 
shad of the Savannah River and those taken in the Qgeechee River, a 
neighboring stream, I drew the plain inference that the young fry of 
that fish attained their growth near the mouths of the respective rivers 
in which they bad been spawned, and I supposed that' if once placed in 
the Alabama waters the.v would thrive there as well as in the Atlantio 
rivers of Georgia. · 
In the early spring of 1848 I was with my family on my Drakiel 
pl mtation, on the Georgia sho1·e of the Savannah River, some ten miles 
above the city. My table was freely supplied with the white shad just 
taken and cleli,Tered alive at my kitchen. I bad the matured eggs taken 
from the live parent spread 011 brown paper and the liquor pressed from 
the fresh milt of the male fish over the eggs. Thus prepared, they were 
tlried in the shade and carefully laid aside. I sent tbe package to my 
h 11· nd Maj. Mark A. Cooper, of Etowah, Cass County, who carefully 
1 I 1·• 11 i hem in a small stream (branch) flowing into the Etowah River, as 
I , H l 1' '1t• I.,. l. He paid frequent visits, and watched closely the de-
I it 1 ,1 il all tl1P •2•_. d i 1ppeared, which they did gradually. The 
L \,1 • 1'i 1·1 , ,1 .,·on 1 no \ , i · one of the uppersourcesoftheAlabama 
,1 l 1 , 11 in it 11 in Union County, and not very distant from the 
... 1 th 1 • 1 , 111,1 line. I am dep,·ud,,nt on the recollections of two mem-
h r • r 111. fa unl 1 .. 1 11 . 1.11 ·, (184:8.) They have very distinct impres-
'nn a • I h· mt>utione'1 circnmstantes and little details some of 
' I Ill) 1 l know to I•· true. As the winter of 1847-'48 was the 
nu t lu t 111. t 1111 il . pen at Drakies, I cannot cite~ more recent 
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date for the preparation ol' tl1(~ sha<l-Pg-g:-;. Po:-;sihly it may han~ heeu 
ParliPr. 
Thu li:-~;t whitn :-;ha<l kno\\'ll to han-' lwen taken was in lSGl or 18,3:!, 
in trap~, pl;u•ed nt 1-Jw foot or th<:> Black vVanior, 11ear Tnscaloo~n,, Ala. 
Tlu:ir ,·;il1w not bl'i 11r2,· k:1own, the O\Yllel' Di' tl1P t.rn ps tln·l~W :-;ome a,Y,l,Y 
all(l sold otlwr:-; fol' a th\' e(•,1ts. ~\..l,ont tlw s;i111e time the \d1ite slln.d 
wns t:1k('ll i11 tr:w-; at, tlw fol)t, of the foll~; of tlte ~\..la,lmnrn River, near 
\\'dlll11pka. In ·1.--;.>S (nr t(•n ,Yl~arf-\, n-; I suppo:-ie, after the depqsit of tile 
t-'g-g:-; 1,y :\L1jm CoopPr) tltl"Y were taken ill abntuLttJ<'i! in the trnps near 
Tu:-;<'alrn>:-;a. 
Yt•ry tntly yo11r.s, 
Proft•:~sor S. F. 1Lurw, 
W11shin,r;ton, JJ. C. 
W. C. DAXIELL. 
E'l'O,YAII. (Li., .J<1nuary ~G, 18GO. 
h-EAH. l )oC'I'OR. : I thank _voll for yonr l1•/t1~l' of the 2b,t irn,tauti 
n°e(•in1 <1 .,·ei,kl'day, calli11µ: to min<l an i1w.id<>llt of 1w;11'1y h•,f•h·e yenrl'! 
pa:,t, whid1 wa:-- ,lll nxp<·rimm1t ma<lP hy me at yum· insta1we atHl request, 
,dth tlw <'X pe11tatio11 7 as yon ,ul vised nu·, of snppls ing- tlw "·es tern 
water:-i <'mpt,yi11g into tit,· 0-nlf with tll(• w!tite :-·.tin<l, a fi:-;h unk11own in 
tltos<>, watPrn np to that (lat~. 
1\frn. J>a11it>ll, ,11Hl Charlin, anll yon, are Cl'rtninly jn:-;t in their aw1 your 
1·(•<·ol11•ctio11s. Ho iR my rccollcdion that e:n·!y in the spring of 1848 I 
l'P<:<•,i \'(\cl of yon by mail, <1in\etrnl to me at, thi:-i plac1·, a leU.cr and a pa,ck-
aµ;e. In yonr 1..tter yoll i,tate(l to llll' a fod ,.1iti1·,·ly llP\\' fo me, bat 
a:--1·1·1tainl'1l liy natnmfo;ts, tltat tlie P,~gs of tli,· wltii:e sha<l, taken from 
the Jish ,I'., soon as <'.ang·ht·, 111i~itt ht\ i111prngn,ttl:d l>y a ])l'Ocess aititicial, 
pl'l'SPIT('tl, all(l su11t any reas01ml>l(' 1lista.11<'L', awl, being fa.\·01·:1:hly 
dvpositt·<l at a prnpt•r pmirnl of the )'l',U', wonl<l hatelt. Yon lnul tl101'e-
l'orn tak<~n tlH· propnr stqrn to proent'<) the t•µ:µ;:-i of tlte ,rliite ;-;had tlms 
prt•pari•(l, ,rnd f01·w,ir1k1l them to nw, li Ying· on· tlw l~towah Hi \'t'r, the 
\\'ater.-; of \\'hich l'llll iuto the (+t1lf of }Iexieo. You rn<1ue~ted me to 
~(•!<)ct. a prnpPr loeatiou in some small stn·.1 m emptying; i11to the Etowah. 
Yolll' ol,_j(\d, as yon expbi1wd, was to stock tlw waters emptying into 
th<· U-nlt' \\'ith \\'hite :-;had, that tlrn people of tlw States watere<l by these 
rin•rs 111ight he fun1i:-;he(l with one of the l>c:,,t that is known. The 
packag·e wl1ich accompa.uie<l this ktter containetl t.he egg1-,, a, great 
unml>('I'. Bei11g excited and intere:-;ted: I took special ca.re of the eggs, 
all(l in the rno11th of April, S<'leeted, a:-- I was ad vised b;y you, a favora-
ble loeatiou in a small brnnclt or stremnlet whieh emvties into the Eto-
wah Uiver near my reRi<lence, between the rolling-mill and flour-mill, 
arnl tll('re depoi,;ited the eggR, ta.king en·ry precaution to screeu them 
agaiw,t i11trnRio11. After a time they (fo;appeared, a,Il(l there my account 
of the eggs mnHt end. I <Ii<l not take the precaution to confiue them, 
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fearing that it might hazard success. I did not watch them by the 
hour ; my business forbade it. 
About two years thereafter I heard for the first time that this shad 
was found in our waters. I do not doubt that the introduction of this 
fish in our western waters is properly traceable to your enterprise and 
provident care. 
Very truly yours, 
Dr. WILLIAM C. DANIELL, 
Wayside, Ga. 
MARK A. COOPER. 
XVI.-LETT1RS REFERRING TO rrHE PRESENCE OF SHAD IN 
THE R VERS TRIBUTARY TO THE GULF OF MEXICO . . 
GREENVILLE, AL.A.., . April 11, 1872. 
DEAR '1 R: Your favor of the 4th instant to hand, and in reply state 
that the w1ite shad are caught in Pea River, at Elba, Coffee County, 
Alabama. They commence catching them in fall traps about the I 5th 
of March, p to the 1st of May. They commenced running in that 
stream abo t the year J_.864, in small quantities, increasing in size and 
quantities rery season. They also catch the hickory and gizzard shad, 
which are e sily distinguished from the white, in size, flavor, and shape . . 
The white ad's mouth comes together even, and is white. They are 
thicker and broader, have a dark streak on each side of the backbone 
after cuttin open, and have a different flavor from any other fish, while 
the hickory 1ad's under lip is larger than the upper, and is black and 
extremely b , and they taste entirely different from the white shad. 
Mr. J'ohn P , ynolds, of this city, who was raised at Macon, Ga., 
and dealt in Sav uah shad, was at Etba last week, and says they were 
then catching the enuine white shad . . 
Hoping that you ay be able to stock the southern waters with them, 
and having no doubt at it can be done, 
I am yours, resp •tfully, 
Mr. W. P. YONGE, 
Spring Villa, A la.. 
P. S.-The ahove statemen 
JNO. T. KNIGHT. 
JNO. P. REYNOLDS. 
YONG BOROUGH, A.LA., April 15, 1872. 
DEAR SIR : By request of Col. Penn Yonge, I address-you in 
regard to the br~eding and stocking · the southern waters with white 
shad and herring. 
Several years' residence in South Ala ma and Florida gave me op-
portunities of noticing the characterist of many of the numerous 
streams giving their waters to the Gulf. ave fished, and hunted the 
deer, on the Conecuh and its tributaries, th Big and Little Escambias. 
Tide-water flows as high up as the Molino Mr , twenty-five miles above 
Pensacola, by railroad, giving at least sevent ve miles from the mouth 
of Escam_bia Bay, to the highest flow. I think an safely say there are 
no streams on the continent better adapted fo the introduction and 
reproduction of the shad and herring from the ~ ntic. These waters 
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are pure, the bottom sandy and pebbly, affording ample and the best 
of spawning-grounds. The Alabama, Tombigbee, and Bigby, pene-
trating the northern limit of the State, are equally as well adapted for 
the purpose as any streams in the South. 
For its central location, its proximity and f~ilities of transportation 
to the wat.ers of Georgia, Alabama, and Mississippi, point to Colonel 
Yonge's place, Spring Villa, as the southern :fish {\Ursery. 
I have seen a letter from J. T. Kni.ght, of Greenville, Butler County, 
Alabama, stating that the genuine white shad has been taken out of 
Pea River, a tributary of the Conecuh. At Elba, Ooffee Cornty, Ala,, 
~Ir. W.R. Thugan says he has taken a f~w white shad at ~u mill this 
season, nine miles from Greenville, out of Pigeon Creek, anC?ther tribu-
tacy of the Conecuh .. Mr. J.P. Reynolds, a resident of Greenville, who 
was raised in Macon, Ga., and an old :fish-dealer, on a recent visit to 
Alabama, saw the shad that was taken ont of Pea Rivtir, and pro-
nounced them the genuine white shad. If the above be a true ~tate-
ment, which I do not doubt, it is no longer an experiment, but a fact, 
that the shad can be introduced into the southern waters. 
We a.re too poor to make it an individual enterprise. We want help. 
Yours, most re,spootft1lly, 
ISAAC W. l~OLLARD. 
Hon. W. A. HANDLEY, 
Washingtpn City, D. C. 
HOT SPRINGS, ARK., August 13, 1872. 
DEAR Sm: Io reply to the query contailred in your letter just re-
ceived, I have to reply that shad are _caught in the Ouachita River, Hot 
Springs County, Arkansas. Ye lovers of choice fish; ye epicureans of 
Roman taste; just contemplate a fine, fat, delicate broiled, or a selected 
white shad, (.Alosa prmstabilis,). nicely "planked," served up for your 
breakfast, dinner, or at a picnic lunch, fresh from the pure, cool, bright 
waters of the Ouachita. Yes, we h9,Ve annually a supply of shad, in 
April and May, found in this stream, near its mountain source, over one 
thousand miles from the mouth of the Mississippi River. They are 
caught in a trap oonstructed of boaTds, just below 'the dam. This dam 
is the first mechanical or physical barrier found on the Ouachita. It was 
built by the late William Farr, to supply water for a saw, grist, and 
carding mill erected in 1858. 
The ftsh-tr:ap was securely fastened to the bowlders g,nd bed-rocks, in 
1860, in effort to supply the Hot Springs market daily with fresh fish. 
After a spring-rain and a good rise in the water, we found, (April, 1861,) 
among a lot of black bass, salmon-troat, red horse, drum, and goggle-
1• • 1• 11, fl \. · fine la,ge shad securoo in the trap. Being familiar with 
1, I ·•· nr ·d the Jot and encouraged the attendants to save me all of 
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the "strange llsh '' that tlwy canght. Every yea,r since the trap was 
<•n·ctl'<l :-;lt:HL have been ca11ght. This year we ltad a large increase; the 
fir:-;t. of the.· :-;pa-..;on wa:-; hron~ht in April 5, aud the he~wy rains offered 
a<l rnnta,!.!,'l\:-\ for trapping. 8ltad continne<l rnn11ing nn til J\fay 13, 1872. 
\V:112·on-loa(L-; of thl'lll W<'re brought to the springs during the season. 
I send yoa :1 photo.~Tapll oi' one that measured 201 inclles i11 length. 
[ n•gTl't tll':t it was nsJt more artistically pol'trayed. I lJa,ve partaken 
of slut<l <'attg·ht i11 all tlte water8 of the eastern States, or the rivers 
<'lltptying· into the. Atlantic; from the Kerrnel>ec to the Savalluah Ri\-ers, 
hnt nnVl'I' t>11joyc<l a finer-tla.vored or more delicious shad tllau those 
found in om· waters. The river,bed, from the natnrnl (uovacnlite) rocky 
almt11w11t that pal'tly crosses the Ouachita Ri vcr, at Rockport, for a dis-
tance of :-;0111e lit'r.y miles above, is geuerally roeky, with sm·entl rapids, 
formed of 111da111orphic rocks, between that poiut and Farr's Dam. 
This roeky l'i ver-bed contains good, fresh, pure liviug water, that is 
mostly i--uppl iP,l from spring rivulets and mountains streams. After 
heavy or co11ti11uons raius, the main stream sometimes rises very lligh, 
frequently twenty to twenty-live feet in a few day.-;. The Onachita, 
(p1·011on1tcrnl Oo-el.ie-taw, generally vVasli-e-t,iw,) j:::; an [rHliau narne s1g-
11ifying male dccl', c:-ille<l tltns in consequence of t1te famous hunting-
gTOlllHls affonl(~d in the mon11tai11 section of its source. H was, accol'd-
ing· to tlte ol<l ehart, pubfo;lrnd i11 178±, called Ox River, but now it is 
known only by the u:t111e given to it by the alJorigiues. It rises in the 
western honn<lary of the State, between g4o and 35° north latitude, 
drains a fertile section of Arlrn11sas and Lousiana; it empties into Black 
RiYer; Dlaek Hivnr into Red Uivcr; Red River iuto the :;.\lississippi 
Uiver, all betwe<~11 ;no an<l 3~0 north latittHle. 
Tu an ,1rtiele coutrilmte'1 to the "Tnrf, Field, a,ll(]. Farm,'' in 186D, I 
called tlw atteutio11 ot ichthyologists to the fact tuat "white shad'' existed 
in the Ouaeiiita Uiver. I feel that natnrnli8ts are uot well versed or 
familiar with the true habits of the sh:ul. I believe that shad can be 
fon11(l, at cmtain season~, iu most of the priueipal rivers on our eastern 
mal'gin of' tlrn American eontiuent, from the Saiut Lawreuce to the R10 
Grn,n<le Hi\·er8. Yonng sluul, eleveu inches long, were caught in the 
trap at Fan':, Dam in November, 1871. I feel fully satisfied that this 
variety of fh;h i8 yearly l>ecoming more al>undant in the Ouachita 
Ri,·er. 
011 the authority of Capt. Charles B. Church, of Memphis, Tenn., I 
will inform you of a, little circumstance doubtless of interest to YOll. It 
is a matter of reconl, lle states, that two fine large "white shad'' were 
taken in 1834: or 1835 at the falls on the Ohio River, between New Al-
bany, Iud., a1HL Louisville, Ky. These falls are about one thousand four 
hundred mile8 from the mouth of the Mississippi River. 
I h~we tlrn honor to l>e yours, respectfully, 
Hon. SPENCER, F. BAum, 
GEORGE W. LAWRENCE, M. D. 
United States Oornmissioner Fish and Fisheries, Eastport~ J.lfe. 
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. FORT SNELLING, MINN., December 26, 1872. 
Your two letters of recent dat~ came to hand in due season. 
In your :first letter you wish me to state as near as possible the date at 
which the :fish in question were observed by me. It was during 1856 or 
'57, in May, I think about. tl;le middle of the month, as it was after the 
corn-planting of the farmers, and during the sprirrg ·of the year in which 
our State legislature passed an enactment to prevent the taking of fishes 
with the seine, which of course thereafter pr~vented the presence of the 
:fish from ever becoming generally known throughout the community. 
Since 1861, I have only been a visitor at Mount Carmel twice. Because 
of the pr~hibition of seining it is more than probable that the fact that 
the true shad ever has been, or is now, a visitor of Wabash River, is only 
known to a very limited number. The four I saw taken in the Neosho 
River were caught about the middle of May; one bit at a book, another 
was accidentally hooked in the abdomen by my wife, and two others 
were secured by some seiners; and all were seen by me in 1871. 
Then, again, if some fortunate individual should in some future time 
take some of the trout from Neosho River, it would not surprise me, for 
during the winter and spring of 1871 I procured from Livingston Stone 
some 1,200 trout-spawn, and hatched quite a number of them, and 
turned them into a spring branch, (emptying into Neosho River,) about 
one hundred yards from its mouth. 
I am respectfully, yours, 
WILL E. TURNER, M. D., 
Acting Assistant Surgeon, U. S. A., Fort Snelling, Minn. 
SPENCER F. BAIRD, 
Washington, D. 0. 
P. S.-By referring to Illinois State laws against seining fishes in the 
State, the exact date can be determined. 
UNITED ST.A.TES ENGINEER'S 0FFIOE, 
Mobile, Ala., February 26, 1873. 
DEAR Sm: Your letter dated January 29 was received this morning, 
having been delayed many days in Georgia. · 
On our survey of Flint River, I made many inquiries in regard to the 
existence of the shad, but failed to establish any satisfactory evidence 
of their ever having appeared in its waters. Many of those from whom 
I sought information were fishermen who had been raised upon the coast 
of the Carolinas, and were perfectly familiar with the fish and the time 
of their appearance. They all said that none had ever been seen or 
caught h. them. 
Th · 1 i •r has no obstructions, even at extreme low water preventing 
1 . ' 1 •n' n , ·11t up or down. The river is a series of pools of compar-
tl • ·p w 1 ·• ·, discharging over gentle rapids formed by strata of 
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;-;oft limestone, crossing the river at an angle of about thirty degrese 
with its direction. I found uo difficulty in ascending these rapids at all 
time1-, iu tlle boats used upon the survey. On the banks of the river, 
from ..c\..lbany down, are numerous large springs-some are 25 to 50 feet 
in depth. Tltey actually swar_m with fish-black bass, rock fi.1-,h, perch, 
bream, &c. The water being perfectly transparent, every movement of 
the fish, arnl their 1-,pecies, are easily distinguished. All these springs 
barn opeu outlets into Flint, and are just a little above the low-water 
surface of the river. To give you an idea of the large spring near 
Albany, it was discharging a volume of water 60 feet wide, 4 feet deep, 
mean n•.Iocit,r about 3½ feet per second. There are also numerous sub-
terraneons 1,treams emptying into the Flint. 
I do not know to what cause to attribute the absence of the shad. 
En_'lry portion of the river seems favorable for their propagation, and its 
large springs and tributaries safe depositories for their spawn. The 
waters of its tributaries, the Cookewahee, Kiokee, Nochway, and Spring 
Creek, are clear and deep, but highly impregnated with lime, so much so 
as to make the water unfit for use, but the impurities become completely 
neutralized by mixing with the Flint. 
Very truly, your obedient servant, 
HOLMES A. P .ATTISON. 
XVII.-REPORT OF ·A RECONNAISSANCE OF THE SHAD-RIVERS 
SOUTH OF THE POTO MAO. 
By H. C. YARROW, M. D. 
1.-INTRODUCTORY REMARKS. 
WASHINGTON, .D. C., April 17, 1873. 
SIR: In accordance with your jnstructions, I submit the following as 
the result of my investigations in the States of Virginia, North an.d 
South Carolina, and Georgia in regard to the shad, herring, and rock 
fisheries, with a view to inquiring into the alleged decrease of these fish 
and the best methods of, and most favorable localitie1:, for, e8tablishiog 
hatching-houses for their artificial propagati<;m. 
Having received· the necessary leave of absence through the courte~i, 
of my commanding officer, Lieut. George M. Wheeler, of the United 
States Engineer Corps, I left Washington for · Richmond, Va., on the 
night of the 2d instant, arriving in the latter city on the morning of 
the 3d. 
At Richmond I visited the fl.sh-market, but found only a few of the 
above-mentioned species of fish. The limited number of shad for sale 
commanded a price beyond the Illeans of most persons. On inquiring 
the cause of this I learned that but a small number were now caught in 
the James River, and that for five years past the supply had been 
steadily decreasing, at the rate of probably 10 per cent. annually; that 
to such an extent had this decrease continued that but few fishermen 
were willing to risk their limited capital in an occupation promising: 
such meager results. The cause of the decrease was variously stated. 
Traps, filth from the sewers of the city, constant fishing, and the plying 
of numerous steam-vessels are thought to drive the fl.sh from their 
spawning beds. 
The shad seen commanded a ready sale at from 65 cents to $1 per 
pair. At this time, April 3, the spawn was not within three weeks 
of being ripe. The first shad of the season were taken in the latter 
part of February. The fishermen, generally, expect the season to close 
about the last of May. Herring abounded in this market. They were 
from Pamlico and Albemarle Sounds. The price asked for them was 
from · -l I@ - ,- per 1,000. Some rock-fish were also seen which were taken 
near the city; these brought from 8 cents to 10 cents per pound. 
2.--0REAT DECREASE OF FISH IN GEORGIA.. 
r nt· t i 1ted Augusta, Ga., where, according to all accounts, a most 
1 •nt ltl • decrease in the supply of shad has existed for some timei. 
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-:.\[r. ,T. Higw,, of :No. 8 B!fo; street, an intelligent fisherman, informr.cl 
rne that it was his belief that there were not one-eighth as many shad in 
thl~ Sa\·,11111,1h HiYer at the present time as formerly. He attributes the 
decrease to the 1rnmerons traps and uets used since the war, and the 
offal from tlw p;as-worlrn and paper-rnilh, near the city of Savannah. He 
fmther i11f'or111e1l me that l-:.had runuiug up the river and meeting, from 
the sotu\~Ps mentione<l, impurities in the water, would retreat to Broad 
River, 1,elow the city. His statements were corroborated by :\fr. PoweIJ 
of the city marslrnl's oflice, and other persons of intelligence. I do not 
doubt the correctueRs of the views of Mr. Higgs to a certain extent, but 
cow,i1l<•.r the chief offpncling cause to be the numerous traps and nets 
,vhicb cover the face of the river from its mouth to Augusta. At this 
<late there arc perhaps 1.10 nets between Savan~rnh and Augusta, while 
the a,·(•rng-1\ <laily lrnul per net is not more than twenty shau.. 
Dy i11,,itatiou, I Yisited J_\fr. Powell's fishery, 3,nd found it to be an 
:Hlmirnhlc lo<:ation for hatching purposes on account of the natural ad-
Ya11tagPs 1-,mTon11<ling it, and the fact that here more fish are tak~n 
than at any other point on the river, except, it may be, at the traps of 
j{r. Titos. lfockle, about five miles above the city. The nets used by 
::\[r. Powdl arc of ordinary gilling twine, with 5½-inch mesb, and ~H'e 85 
yards in 1Pngth autl 18 feet deep. When fished the nets arc drifted a 
mile or so down the river at internLls during tl1e day a11d night. l\Ir. 
Powell p:-;ti111ates the dccreaRc in the supply of shad in the last five 
.warn at 01w-lwlf, aud considers 20 fish a fair daily average during the 
:--;easo11. At this tlate, April 6, 2-! honrs' fishing with three uets has re. 
s1tlkd in tlte capture of 74 slta1l. This, however, is far above the mun-
l ► t~r onli11arily tak:011 in the time meutione<l. According to this gentle-
ma11, Hluul 111ake their appearance in the Savannah near A.ugusta early 
in March. 'l'ltis year, hO\vever, owing to the backwardness of spring, 
t1wy did 11ot appear nnt,il three weeks later than the usual time. The;y 
a1·t~ t.ako11 nntil late in l\fay. 
;Ur. 'l'l1os. I l<~ckle, who also owns a valuable fishery five miles above 
Ang-ustil, as st,at.(•,<l, does not mm nets, lmt secures the shad by means of 
traps fo1·n11•<l of stakes of wood. l\lr. Ileckle takes iu these traps not 
mon·, pPl'l1,ips, tlwn fon fish per day on a,n rwerage during the sh.ad 
seaso11; !mt 11ot,\·ithstall(liug the limited catch, I lrnYe no hesitation in 
rceo111111(\Jl(li11g- his fo,hcry as favorable for a lrntclti11g-ltouse, since in 
the trnps th<• fisl1 r<'main aliYe tmtil the moment of their removal 
' ,rh<'r<•as in -~lie <hift-1wts tlwy are frequently drowned, and thereby ren-
dered m;(•]ps:-; so J'ar as their spawn is concerned. l\fr. Heckle iuformed 
me tl1at llf i lia,l 1islw<l the Savannah for a unmber of years, and that 
eight _years ago 1,DOO sh;Hl were taken at a siugle haul. At present a 
haul or ovPr ,_10 sel<lom oc:cnrs. They sell readily at from 75 cents to 
SL~., per pair, while forn1erly they brought lmt from 5 cents to 12 cents 
each. The i..;luul-spawn \Vill be ripe in about teu clays llence. 
Hock-fo,h are quite m1merous in the Savannah River laterin the season, 
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although they too have greatly"decreased in numbers within the pa.st 
few years. It is the impression among fishermen that they spawn as 
near the head-waters of the river as it is possible for them to get. Mr .. 
Heckle earnestly recommends that the Commissioner of Fish and 
Fisheries authorize the introduction and reproduction of the red-bellied 
perch and bald-headed bream, common in this neighborhood, into more 
northern waters as well as into the waters of this vicinity. These fl.sh, 
be informs me, are highly esteemed and readily command a high price. 
Some ten years since he placed a few bream in a pond on his planta-
tion, which have increased a thousand fold, the species appearing to do 
quite as well in the sluggish water of the pond as in the rapid stream. 
My next point was Columbia, South Carolina. In former years the 
Congaree and Wateree Rivers, near Columbia, were justly considered 
most excellent fishing-grounds for shad. Such, however, is not the 
case at the present time, nor has it been for several years past, not 
a sufficient number of shad being taken to warrant the expenditure 
of either time or money in their capture. A. few are caught occa-
sionally near the city in scoop-nets,• but no regularly organized shad-
fishing is carried on. It was impossible to ascertain the cause of the 
decrease. Rock-fish are still caught in these waters, but not to any 
great extent. 
3.-DECRE.ASE IN NORTH CAROLINA. 
At Wilmington, N. C., the next place visited, I found the condition 
of affairs, with regard to the decrease of shad, to be about the same as 
that which existed at Columbia and Augusta. Owing to the peculiat 
character of the bottom and banks of the Cape Fear ·River, no seines 
are used in its waMrs for shad-fishing, the only means employed being 
drift-nets. Intelligent observers stated that the daily catch of this fish 
in the Cape Fear, qetween the mouth of the river and Fayetteville, is 
not at present more than lOU pairs. Here, ten years ago, shad sold at 
from eight to ten cents apiece; they now bring from cO cents to $1.25 
a pair. The cause of the decrease could not be ascertained. I found 
but very few shad from the Cape Fear in the market. The fishermen 
informed me that five years since a haul of 150 pairs in a single day 
was quite a common occurrence; to-day they seldom take over 20 pairs. 
The first shad of the present season were two taken on the 28th of 
January; none, however, were subsequently seen until the 5th of Feb-
ruary, when the number began to increase. At this date (April 8) the 
spawn is far from being ripe. The shad season closes here in the latter 
part of April. 
In the Wilmington ma·rket I observed numbers of drum trout 
h. . d . ' ' u 11 r•. an 1 ,. • lll '.: from Masonboro' Sound. Herring, however, are 
I. n t t I~ 11wrl.\ . The price they command at this point is 
,-, l' r 1,000, though at the sound, seven miles distant, they 
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may be had for 50 cents per 1,000. They appear early in April, at which 
time the spawn is well advanced. I learned from the fishermen that it 
was tlte custom of the herring to deposit its eggs near the bead-waters 
of rivers and creeks. 
It may uot be uninteresting· to mention that, according to Mr. 
W. ·w. Sutt, of ·Wilmington, ~ackerel appeared in the Cape Fear 
RiYer for the first time in the fall of 1872; but the people knowing 
nothing about them declined to use tliem as an article of food; bunches 
of from six to eigllt found few purchasers at twenty-ti ve cents tlle bunch. 
Stnrgl'on arc so unmerous in the Cape Fear as almost to preclude the 
possibility of drift-fishing in the month of April. 
I next procee(lcd to New Berne, N. C., which is situated at the conflu-
ence of the rrrent a,ll(l Neuse Rivers. Tlie latter of these rivers has for 
years be<'ll celebrate<l not only for the fine quality of its shad, but for 
the very g-reat u nm ber taken annually. In ti.tis river the d.ecrease in the 
supply, if there is any, is llardly perceptible; although I was informed 
by trustworLlly o!Jservers that, notwithstand.ing d.onble the number of 
men are Bow engaged in fishing, no more fish are brought to market 
than was mmal ten ,years ago; from which it might be inferred. that the 
supply is Bot as great as formerly. Most of the fishing is by means of 
drift-nets, altllongh a certain number of draw-seines are also employed.. 
From what I could. gather, Goose Island., a short distance above New 
Beme, i~ the locality affording the greatest number of fish. At this 
place Messrs. Pettiford, Brinson, Vincent, and others own extensive 
fisheries. rrhese gentlemen estimated the daily catch as varying from 50 
to 2[.i0 fislt,_ 100 probably being a fair averag·e. At this point there is a 
nnmber of small islall(lR, with narrow channels between, of a deptll of 
~0 feet, wherein the shad. appear to resort for the purpose of spawning, 
as their eggs are freqqeutly found floating in tlie water, and, at this 
date, rmrni11g ont of the fish wheu netted.. 
l\fr. Parish, who owns a fishery on the Trent, just opposite the city, 
(hnt wltosp !-.pecialt~· is herring-fishing,) caught UH) shad at one haul 
l;u;:t .F~tr·. Up ti> the present time, this year, his largest haul is 128. 
Ile ns<>H a ll<.'t l>00 yard.s in length aud 123 meshes d.eep, the meshes 
bei11g lJ inches i11 size. The fin;t shad of the season, in any number, at 
this plli11t, wnP taken February 14, since which time the supply has 
bceu steadily in<:reasi11g. The season will close the latter part of April. 
At the pn•:-;ellt time no fewer than 2,000 nets of d.ifferent kind.s are in 
operation hetwrn.~n the mouth of the Neuse River and Golds!Joro, N 
U., arul if thi:-; ill<lustry is continued we must expect, in a short time, the 
same deplorable scarcity of sl.Jad here as in the rivers farther south. 
:\Ir. Il. B. Lane: another intelligent fisherman, and also for many 
years a (lealer, informs me as follows: " Shad generally make their first 
appearance in tlte Neuse in the middle of January, the first one of this 
year lJeing caught ,January D. Duriug the present season, from the 
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latter date to April 10, •six dealers have handled at New Berne alone no 
less than 75,000 shad by actual count. In addition there are some six or 
eight other dealers ·who probably, at a fair estimate, have handled 
50,000 more, and if we take this number as'indicatiug one-half the entire 
catch, we would have, in· round numbers, the sum of 250,000 fish as the 
total catch in this vicinity for the period named.'' I am inclined to be-
lieve this a very moderate estimate for the Neuse, since many shad are 
taken at Kinston, Goldsborough, Smithfield, and other points on the 
river of which no account has been made, and I have no dol).bt that 
more than 500,000 shatl are caught during the entire season in this river. 
The price of shad has varied very little in the last ten years, the ret~il 
-price being about 70 and the wholesale 40 ·cents per pair. From this 
point shad are shipped in ice to all parts of the Southern States. 
Although herri'ng are still very numerous in the vicinity of New Bern~ 
the general impression prevails that the supply has somewhat decrea~ 
within a few years. These fish appear to enter the river in three 
"washes," so called; the first and largest of which takes place abottt 
Easter Sunday._ The largest single haul last year at the fishery of Mr. 
Parish was 29,800. He informs me that, at this date, he has taken at one 
haul over 20,000. Mr. B. B. Lane state~, with regard to herring, that the 
six firms above alluded to have handled upward of 450,000 within the 
past ten days, and that the other dealers have probably handled 250,000; 
bnt that the total of these is but a small proportion of the whole num-
ber caught, as the citizens probably buy twice as many from the boat-
men. He thinks that a million and a half have been taken during the 
period in question, and that a still greater number ~as taken in the 
same length of time last year. ',rhe largest single haul of herring ever 
made in this river was 41,000, by Mr. Brinson. These fish are seen as 
eafly as the middle of January, and disappear about the middle of May. 
In April the spawn are well advanced, and there is no doubt the fish . 
run up the creeks and head-waters of rivers to deposit their eggs. The 
price of herring varies very little. They command at wholesale $3.50, 
and at retail, about $6, per 1,000. The prices are much lower than before 
the war. 
Rock fish are quite numerous, and up to this time, about the 1st of 
January, some 3,000 have been handled by the dealers. It is thought 
they have decreased in numbers during the last fl ve years. They are 
taken during nearly the entire year. They sell at from 8 to 10 cents 
per pound. Dram have also decreased, but for what reason is not 
known; p1,, 1,1 bly cold wint.ers, in wliich they perish in great numbers, 
ru li, ,. :11 1•1 · •d. At Kinston, on the North Carolina Railroad, some 
\ 11t, mil 11111 • • ew Berne, a few shad have been taken, but not a 
nffiei1·11 t num J ·r, however, to render their fishing remunerative. Seines 
1 nd I itt-u • ~1 P II ul here. 
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4.-CONTR IV A.NCES THAT CAPTURE ALL THE FISH. 
At Goldsborough, also, on the Wilmington and Weldon Railroad, 
some thirty miles from New Berne, shad are taken, but in smaller quanti-
ties than at Kinston. At Smithfield, on the railroad leading to Raleigh, 
vast numbers of shad were taken in former J'ears; now, however, but 
little fishing is carried on at this point. Just here, on the Neuse RhTer, 
are a series of small falls, beyond which the fish seldom pass, although 
formerly numbers were taken within six miles of Raleigh. 
At Rocky Monnt, situated on the Tar River, on the railroad between 
Goldsborough and Weldon, Mr. Spicer owns quite an extensive shad-
fishery, but the number of fish secured here in nowise com'pares with 
the number taken at the fi.sheries lower down the stream. 
Tbe next point of importance which I visited was Weldon, N. C. 
Here I had the good fortune to meet with Mr. John Emry, proprietor of 
the Emry House, mayor of the city, and controller of all the :fisheries on 
this part of the Roanoke River. In this locality shad-fishing is carried 
on by means of scoop-nets and what are technically called "'fish-slides." 
The scoop-nets, when in use, are allowed to trail in the rear of the boats, 
which are permitted to drift slowly down the stream. The fish-slides 
are solid and substantial structures, built of timber, and are placed in 
the strongest currents just below the falls at this point; these falls pre-
vent the higher navigation of the river. The shad, seeking the head- · 
waters of the stream, in endeavoring to find their way above the falls, 
get into the currents and are at once washed upon the screen of the 
slide, which slants upwar<l from the bottom of the river. The force of 
the current effectually prevents their return. Owing to the ingenious 
construction of these traps, and the well-chosen positions in which they 
are placed, it is almost impossible for any fish to escape them, if seeking 
a higher part of the river. 
Mr. Emry informed me that his average daily catch of shad for the 
season was perhaps 25 or 30. Commencing early in March, the season 
ends late in Avril. The number reported by Mr. Emry is, I believe, a 
low estimate, since I myself saw at a time when the shad were n_ot "run-
ning" 15 taken upon the slide within two hours. It is his opinion that 
the supply has decreased in the Roanoke at least one-half in the last ten 
years, and, with due deference to his ingenious method of fishing, I must 
say that, in my opinion, if this plan is continued, shad will have disap-
peared almost entirely from these waters in a few years hence. 
The price of shad varies very little at this point, 60 cents being about 
the average price per pair. The spawn of the shad will probably be 
ripe in about three weeks from this date, April 15. 
Upon the slides are taken nearly every species of fish found in tbe 
Roanoke, sturgeon forming no inconsiderable item, while catfish, suck-
ers, and rednose are captured in countless numbers. Later in the season 
the rock-fish resort to this locality in enormous numbers, and I am in-
s. Mis. 7 4-26 
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formed that with two men constantly employed upon the slide to remove 
them, it is almost impossible to make room for the succeeding ones. Mr. 
Emry facetiously observed that should the commission desire the eggs 
of tbe rock, he could furnish a car-load in two weeks' time. 
From Weldon I proceeded to Norfolk, Va., where the story heard so 
often within the past few days regarding the decrease in the supply of 
shad was repeated. Learning of no favorable localities in this neigh-
borhood for the establishment of hatching-houses, I delayed only long 
enough to enable me to collect specimens of the food-fishes of the waters 
contiguous to the city. 
From tht' testimony of the individuals I have mentioned, all more or 
less directly interested in shad-fishing, it is very evident that the sup-
ply of this fish has been steadily decreasing and continues to decrease 
year by year throughout southern waters; and further, it is my sincere 
belief that unless some means are employed to correct the state of affairs 
now existing in the sections visited, in a short time our tables will no 
longer be supplied with this delicate and highly-valued fish, whose ad-
vent in the spring is so eagerly anticipated. 
As localities for hatching-houses, I have no hesitation in recommend\. 
ing Augusta, Ga., New Berne, N. C., and Weldon, N. C., since I am of the 
opinion that the ripe shad-spawn can be obtained in the best possible 
condition for propagating purposes at these points. I would also rec-
ommend that the Apalachicola, the Savannah, the Cape Fear, the Neuse, 
and the Roanoke Rivers be restocked with shad, close communication. 
being ma.de with all these streams by railroad. 
In conclusion, I am happy in being able to state thait at every place 
visited the greatest interest was manifested in the operations of the 
United States fish commission, while the hope was expressed on every 
hand that the enterprise about to be inaugurated throughout the South 
and West, in .restocking the southern waters with food-fishes, might 
prove eminently successful. 
H. C. YARROW, 
.Acting Assistant Surgeon, United States Army. 
Prof, BPENC ER F. BAIRD, 
United States Oommissi011er of Fish and Fislteries, 
Washington, D. O. 
XVIII.-REPORT ON SHAD-HATCHING OPERATIONS. 
A-OPERATIONS IN 1872. 
l\IYSTIC BRIDGE, CONN., July 27, 1872. 
Sm: Having received JTour order to stock rivers west of the Allegha-
nies with slrn<l-fry, I left New London, July 1, at 2.45 p. m., accompa-
nied hy Aaron Anderson, foreman of the Poquonnoc Fish Company. 
Mr. E. S. Sanford, vice-president of the Adams Express Company, Lad 
very kindly furnislrnd us with a letter of introduction to his messengers 
and agents, expressing his warm interest in the success of our enterprise, 
and requesting them to furnish us with all needed facilities for the safe 
transportation of the fry. This letter secured for us many favors, not 
only from his subordinates, but from all the companies through whose 
hands \Ye passed. Many thanks are due to these companies and their 
messengers for U1eir courtesies and timely aid. 
We met Dr. William M. Hudson, of Hartford, chairman of the Con-
necticut fish commissioners, at Springfield, Mass., at 6 o'clock, en route 
for Hadley Falls, where we were to take in the fry. Dr. Hudson has 
taken the warmest interest in the project of stocking western waters 
with shad from its conception, and has done everything in his power to 
make it a success. The Connecticut commissioners have the use of the 
hatching-boxes of the Massachusetts commissioners, and their permis-
sion to u~e the shad-fishery for hatching purposes after the legal fish-
ing is clm;ed. Last year over G0,000,000 of shad-spawn were hatched 
at tuis pla,ct->, ancl tnrued into the river. Mr. 0. Smith, who Las had 
charge of the hatching-boxes for several years, informed us that the 
shad were not only increasing in number, but in size. He had taken 
many shacl this season weighing seven pounds, and upward, The 
season was a week or more later than last ;rear, but there was every 
indication that the parent-fish would be more numerous, and a larger 
number of fry be turned into the river. 
Our app,uatus for transportiug the fish was ten eight-gallon cans, 
fnruished with lian<lles, a large colander with ver,y fine mesh, for the 
purpose of changing the water without disturbing the fry, a few water-
pails, and a thermometer to gauge the temperat1ue. 
July 2.-\Ve were np with the dawn preparing for our fish~ The fry 
were taken directly from the hatching-boxes and. put in the cans about 
two-tllirds 1Hlcd with river-water. The number of fry was estimated by 
l\Ir. Smith at 2,000,000. The thermometer stood at 78°, which indicated 
a continuance of the heated term ·which had pre·rnilr.d for several days. 
We left the Holyoke Station at 6.22 a. m. The water was about 760. 
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We took in ice at Springfielcl, and left for Albany at 9 o'clock. We 
reached Albany at 1.20 p. m., the thermometer indicating 96° in the 
shade. By occasional additions of ice-water the temperature in the 
cans had been kept down to about 76° .. By way of experiment we took 
from the hatching-boxes a considera.ble number of ova not yet hatchedt 
or just in the process of hatching, thinking they might bear transporfll! 
tion better than the fry. The loss was much greater among the ova 
than among the fry. Our cans were transferred to the Albany and 
Susquehanna road. We had a complete change of water at this point, 
and thorough cleansing of the cans by pouring the water from one can 
to another, and throwing away all sediment. We secured a fresh sup-
ply of ice, and left about ~ p. m. The water is very good along the line 
of this road, and we found no difficulty in making fr~quent chang09t 
and in keeping the temperat.ure down to 70°. At one watering-tank, 
near Binghamton, the water was at 55°, quite too cold for the fry. 
July 3.-The fish passed the night safely. We reached Salamanca at 
5.30 a. m. As the Alleghany River touches the railroad at this point, 
and this seemed to be the best place for stocking the Ohio, we left here 
three cans estimated to contain 400,000 fry, in charge of the ticket-
master, who promised to see them immediately put into the river. The 
Erie trains form close connection here with the Atlantic and Great 
Western, and we left in a few minutes for Akron, Ohio, on our way to 
Indianapolis, where we had determined to make our next large deposit 
of fry. We reached Kent, Ohio, at 4.15, and as the Cuyahoga. River 
was near the depot, we put in a few fry at this point. At Akron we 
were troubled to get good water. We drove a considerable distance to 
the canaJ, and secured enough to give the fry a change. The heat had 
reached 96° in the cars during the day, and the fish had suffered consid-
erable Joss. 
July 4.-We reached Indianapolis a little too late for the last morning 
train to Saint Louis, and this involved a delay of ten hours. As the 
fry suffer much more in standing still than in transit, we concluded to 
make sure of a lai-ge stock in White River, and poured the contents of 
three cans into that stream, a little below the railroad bridge, in the 
suburbs of the city. We estimated the number at 400,000. We now 
had but a single can left and changed the water several times during 
the day. We determined to make an experiment with the remaining 
fry to see how far they could be carried. We thought if we could carry 
them across the pl9:ins and plant them in the Platte at Denver, it would 
be demonstrated that all the streams in the country can be furnished 
with shad fry. The experieuce would be worth all it cost, even if we 
failed. We left Indianapolis at 8 p. m., with fresh water and plenty of 
ice. The heated term had passed, which was very much in our favor .. 
July 5.-We left Saint Louis at 8.25 a. m., with a partial change of 
water and a fresh sopp1y of ice. We took in a supply of Mississippi 
water from the hydrant, but it did not seem to agree with the fish so 
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well as the water we brought along from Indianapolis. The weather ' 
had grown cold during the night, and the water showed a temperature 
of 650. This was cooler than suited the fry, and some of them perished. 
They grew more lively as the heat increased. At Washington and at 
Hermann, Mo., where the cars stopped a few minutes, we made small de-
posits of the fry, in the Missouri River. At Kansas City we found that 
we had ice and water enough to last another day in case we could not 
obtain it along the road. We left on the Kansas Pacific at 11.10 p. m., 
for Denver. 
J1ily G.-We took in a fresh supply of ice at Brookville, and found 
good water at Wilson's Station, thirty-nine miles farther west. We 
now felt quite confident of getting some of the fry into the Platte in 
good condition. We are indebted to the officials of the Kansas Pacific 
Railroad. for many courtesies. 
July 7.-We met a train off the track about 7 in the morning, which 
delayed ns over an hour. We reached Denver about 9.30 a. m., and 
in a few minutes had the joy of seeing Connecticut River shad swim-
ming in the waters of the Platte. They were lively and beaded 
up stream. We estimated the number of fry planted at this point at 
2,000. As the Platte is fed by mountain streams full of trout, there 
can be little doubt that the fry will thrive in its waters. 
I think the trip, so favorably ended, establishes the following conclu-
sions: 
1. Shad-fry in any desirable numbers can be planted in every barren 
stream in the country. 
2. That all the larger branches of the Mississippi, the Missouri, and 
the Ohio Rivers can be stocked with shad next year at small expense. 
3. That, as the numbers put into a stream in any shipment of 
fry depends upon its nearness to the source of supply, it would be 
desirable another season to hatch shad upon the Potomac, which is a 
days' journey nearer the west. From this point the distribution might 
begin as early as the first of June, to be followed by fish from the Hud-
son aud the Connecticut Rivers later in the season. 
Very respectfully, yours, 
Hon. SPENCER F. BAIRD, 
M. CLIFT. 
United States Commissioner of Fisheries. 
ROCHESTER, July 19, 1872. 
DEAR Sm: My men have returned from Saint Paul. They had good 
luck, having placed about 25,000 young shad in the Mississippi River, 
two and a half miles above Saint Paul. 
The ~had put into the Alleghauy River were deposited at Salamanca. 
Fntnre observati?n must determine as to the return of any of these fish, 
though my experience assures me that they will come back if possible. 
406 REPORT OF COMMISSIONER m~ FISH AND FISHERIES. 
I have batched 7,500,000 this year, and have put 200,000 above the 
Troy dam, in the Hudson; 50,000 in Onei~a Lake, one of the tributaries 
of Oswego River that empties into Lake Ontario; 70,000 in Lake Cham-
plain, which empties into the Saint Lawrence at Saint Ridges; and 
50,000 in the Genesee River. The balance I placed in the Hudson. 
Last year I put 15,000 young shad in the GeneRee River, and now I 
can take at the mouth of the river, in Lake Ontario, twenty at a haul 
with a twenty-rod seine. These are over 7 inches long now, arnl we 




Prof. S. F. BAIRD, 
United States Oom~iissioner of Fish and Fisheries. 
B-OPERATIONS IN 1873. 
1.-THE SA VANNAH, NEUSE, AND ROANOKE RIVERS. 
1873, April 20.-Arrived at Augusta, Ga. 
April 21.-Went up the Savannah prospecting. Prospects very poor. 
Got back to Augusta at 4 p. m.; went down the river about four miles 
to a fishery. Two boats fishing; each boat caught one male fish. 
April 22.-W ent seven miles up the Savannah, from Augusta to Pit-
man's fishery; staid two days and two nights, and got no ripe fish; 
catching from three to eight fish a day. 
April 24.-1\foved three miles down the river, from Pitman's fishery, 
to Beckie's fishery; staid three days; caught no ripe shad; have not 
seen two shad alive at one time since we have been on the Savannah; 
shad selling for from 60 cents to $1.25 each in market. 
April 28.-Received a telegram to go to New Berne, N. C . 
.April 29.-Arrived at New Berne, N. C. 
April 30.-Spent the day getting ready to go up the Neuse River. 
1Hay 1.-Went up the Neuse fourteen miles above New Berne, to 
Cowpen's landing, at Vaughn's fishery; fl.shed with seine at night; caught 
ten shad, none ripe, several of them spawned out. 
May 2.-Caught five shad, none ripe. Temperature of water, a m., 
640; p. m., 650, 
May 3.-Oaught eight shad, none ripe. Temperature of water, a. m., 
68°; p. m., 67°. 
May 4.-Caught twelve shad with seine, none ripe. Fished with 
skim-net along the shore; caught nine male shad. Temperature of 
water, a. m., 660; p. m., 670. 
Jlay 5.-Fished with skim-net; caught eight fish, two ripe; 50,000 
spawn. River rising. Temperature of' water, a. m., 620; p. m., 650. 
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Jlfay 6.-River rising. Conld not haul seine. Uanght three male 
sbacl with skim-11et. Temperatnre of water, a. m., 63°; p. m., 64P. 
Jiay 7.-River reported rising. Forty miles up the river caught two 
shad with skim-net, both spawned out. 'femp~rature of water, a. m., 
G3°; p. m. G3°. 
JJlay 8.-Water so high could not fish. Temperature of water, a. m., 
63;.p. m., GG0 • 
M(/y !J.-River rising. No fishing. Temperature of water, a. m., G.:, 0 ; 
p. m., G7°. 
May 10.-Ri ,Ter rising. No fishing. Temperature of water, a. m., 66° 
p. m., GfA 
.May 11.-River rising. No fislling. Temperature of water, a. m. 6G0 ; 
p. m., (370. Spawn beginning to hatch in boxes. 
1lfay 12.-lliver raising, no prospects for more spawn. Temperature 
of water G5° a. m. ; G7° p. m. 
_May 13.-Tnrned loose 45,000 young shad in Neuse River. Pitcbkil1, 
about tweuty-four miles above New Berne on the Neuse, is the best 
place for shad-hatching that we could hear of. 
Jif.ciy 14.-Received a dispatch to go to Weldon, N. C., on the Roanoke. 
J.1foy 15.-Arrived at Weldon, N. 0. They were catching some rock-
fish, but no shad. The Roanoke very high but falling. 
May lG.-Catching good mauy rock-fish. Shad do not run with rock. 
No chance of getting any shad till river falls. 
May 19.-Got no ripe fi;:;11 up to date. Got two ripe rock-fisli; 110,000 
spawn. 
Jlfa,y 20.-River rising; no ripe fish. Temperature, of water a. m., 68°; 
p. m., 70° . 
.1lfay 21.-River rising; caught no ripe fish. Temperature of water, 
a. m .• GSO; p. m., 6!JO, 
Jifay 23.-Hiver rising; caught no ripe fish. Turned loose 100,000 
young rock-fish. S,tme principle hatches them that hatches shad. 
Jllay 24.-Fish slides all under water, but we caught no ripe fish. 
JJfoy 25.-Caught a great many rock; none ripe. 
Jlfoy 29.-Did not catch any ripe fisll up to date. River rising very 
fast. Took tlie 4 p. rn. train to Washington. 
Jlfay 31.-Went to the Rappahannock River from Washington. Sllad 
fishing all done and nets hung up. 
In order to build up the rfrers that we operated upon there must be 
a close time of two clays in each week before they can ever be restocked 
artificially, or in any other way. The lower eud of the rivers are so 
completely barricaded with nets that the fish are nearly all caught 
before they get to the Rpawning grounds. The rivers are so nearly 
depopulated that there is scarcely any fishing done in the upper part of 
the rivers, and there would not be any done if it was not for the enor-
mous prices they get for what few fish they do take. 
SETH GREEN. 
408 REPORT. OF COMMISSIONER ON FISH AND FISHERIES. 
Table of shad-hatching operations at Augusta, Georgia, 1873, by Seth Green. 
,d 0 
s:l Temperature = ~:;~ Cl) 
~ 
Cl) 
of water. 1 ~ "0 ~ Date. <i:l ~fl"~ ,d Cl) a, bl) Remarks. i:: =~ A.M. P.M. a, Po t>t 1£: ~ [;,al ~ ... 
------------------
0 0 
Apr. 21 .••.•••. .•••..•. 2 .••••••...••••••...•..•••••. 
Apr. 22 ••••.••. •••••••. 3 .•.••••..•••••.••...••••.••. 
Apr. 23 ..•..••. .•...... 8 .•••.•........••....•.••.••. 
Apr. 2-l .••••••.•••••••.•••••••• •••••••• •••••••••• •••••••••• 
Apr. 28 .••..••..••.•••..•...••..••..••..••..••..•.••••••..• Left Auguata for New :Berne. 
No ripe shad were taken. Shad were selling in market at from 60 cents to $1.25. 
Table of shad-hatching operations at New Berne·, N. C., 1873, by Setk Green. 
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10 •••••••.••••••.••. •••••••••· 
5 •••••••••••••••••• •••••••••• 
8 •• •••••• •••••••••• •••••••••• 
21 •••••• •••••••••••. •••·•••••• 
8 2 50,000 •••.•••••. 
3 •••••••••••••••••• •••••••••• 
2 • • • • • • • • • • • • • • • • • . . • • • • • • • • • River rising. 
. . • . . . • . . • • • • . • • . • • • • • . • • . . . • . • . • . • . River too high for fishing. 
Do. 
..••.•.....••.•..••.•••••. ··•·•••••· Do. 
. • . • • • . . • • . • • • • . . • • . . • • • • • . • • • • • • • • . River too high for fishing; spawn be-
ginning to hatch. 
River rising. 
......•. ·••··••· .•••.... ·••••••• .....••••. 43,000 
. • . . . • . . . . • . . . • . . • • . • . . . . • • • . • • . . . • . . • • • • . . • • . • . • • • . Received dispatch to goto Weldon,N.C, 
Average 64. 6 65. 6 
Table of shad-hatching operations at Weldon, N. C., 1873, by Seth Green. 
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· • • • • • • · .. • .... • ... • •· • • ...... • . ...... .. . • ...... • .. Arrived at Weldon; river very hi,th; 
no shad being taken, bot some rock-
1l1b. 
No shad taken; water too high. 
..... 68 ·--··,o· :::::::: ..... ~. ·-~~~:~. :::::::::: 
68 69 . .. • • • .. • • • • • • • • ... .. • • .. • .. .. • • • • .. River rising. 
... • • .. • • .. • • .. • .. .. • • • • .. • • .. • . .. .. .. .. • • *100, 000 Hatched same aa shad. 
· ...... · ...... · • ...... • • • ... • • . ...... • .. .. • • •. .. .. 1.t"u\h-alidea under water. 
• .............. · ........ • .... ••· ...... • • • · .... ...... TLeooftk"omranyaa100ht1k1~~n,1!~ttrlbepew. ater wn• 
• • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1.1 w. ihin c:911;111 aQ 
l:i b1!:!/:.!'k~ g and no ripe shad 
* Rock•1lsh. 
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2.-THE DELAWARE RIVER, 
BLOOMSBURY, N. J., July 12, 1873. 
DEAR Sm: The undersigned having been honored by you with the 
appointment to the position of deputy United States commissio~er 
for the purpose of collecting information concerning the food-fishes of 
the United States, and of superintending their transportation to west-
ern waters, would most respectfully submit the following report of his 
proceedings, reserving all observations and deductions for a future and 
more detailed report: 
Your letter notifying me of my appointment was received on the even-
ing of Monday, May 26, and I had the pleasure of reporting to you at 
Washington on the morning of May !38. At 11 p. m. of the same day I 
started for Weldon, N. C., where I arrived at 10 a. m. the following morn-
ing. Here I found Messrs. Holton and Green, who had for some time 
been endeavoring, though without success, to obtain ripe shad for the 
purpose of artificial impregnation. In this they had utterly failed from 
two causes, both entirely beJTond their control. First, the method here 
employed in catching the fishes renders it almost impossible to obtain at 
the same time males and females in a ripe condition. The fishes are 
captured by means of a piece of apparatus called a slide, which is so 
arranged that in passing up stream the fish is caught by a rapid cur-
rent and thrown upou a board platform, where it almost instantly dies. 
From all quarters I heard of the zeal and energy displayed by Messrs. 
Holton and Green in their efforts to obtain ripe shad, but spite of all 
their efforts they were entirely unsuccessful. However, important and 
interesting experiments were made with the rock-fish, and over one hun-
dred thousand young were hatched and placed in the river. Secondly, 
as is well known, the Roanoke is liable to sudden and severe fresh-
ets; at the period of my visit the water of this river was about 
fifteen feet aboYe its ordinary level, and residents of Weldon informed 
me that a few days previous it had risen 32 feet in twenty-four hours. 
As there seemed. to be little use in retaining Messrs. Holton and Green 
at this point, I telegraphed you suggesting that they be at once recalled. 
On receiving a concurrent answer they at once set about their prepara-
tions for tleparture. On inquiry at the express-office it was found that 
the cost of forwarding the hatching-boxes would about equal their value, 
anu upon Mr. Emry kindly offering to give them storage-room free until 
next season his kind offer was accepted.. 
Leaving Weldon at 4 p. m. we arrived in Washington the following 
day at 4.30 a. rn., and I reported to you my arrival at 10 a. m. 
Desiring to ascertain the condition of the shad in the river Delaware, 
I, at your request, telegraphed to the following persons, proprietors of 
fisheries on tllat river: B. P. Howell, M. D., Woodbury; .A. J. Scarbor-
ough, Lambertsville; W. M. Hutchinson, Delaware Station. The an-
swers received from all these persons showed conclusively that the sea• 
410 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 
son for ripe shad upon the Delaware River had not as yet arrived; Mr. 
Scarborough stating (which statement was after~ards shown to be cor-
rect) that but few ripe shad would be taken until after the close of the 
fishing season, (June 10.) 
On the evening of May 28, accompanied by Mr. Holton, I started for 
Fredericksburgh, Pa., where we arrived at 3 a. m. We found the fish-
ing season over, bnt obtained valuable and interesting information from 
Messrs. W. H. Smith and C. Rowley. No net-fishing is carried on at 
• Fredericksburgh, and but few coarse fishes are taken at that point with 
the book and line; in the lower portion of the river, however, larg~ num-
bers of shad, st?rgeon, rock-fishes, and herring are taken with seine; gill, 
and stake nets. The stake-nets are regarded as detrimental to the fish-
ing interests, as many shad and herring escape from them severely in-
jured and many taken are eaten by the eels, it frequently happening 
that hundreds of heads with back-bone attached are found in the nets 
of a morning. Mr. W. H. Smith has firi1hed the river for the past eight 
years, his :fishing-ground being some thirty-five miles below Fredericks-
burgh, within tide-water; be has taken during the past-season about3,000 
shad and 6,000 herring, (alewives.) He estimates the number of shad 
sold in Fredericksburgh during the season at 10,500; this, however, is 
but a small portion of the catch. He commenced fishing about the 15th 
of March and finished May 20; during the last week of fishing noticed 
a number of ripe shad and frequently heard them'' washing." 
Mr. E. Rowley has fished for twenty years, except during the war-
His fishery is located at Fallervale, twenty miles below FredericksburglJ. 
He corroborates the statements of Mr. Smith. Has noticed no ripe shad 
daring the past season. Commenced :fishing about March 20, and '' hung 
up his net" May 26. There are no laws, as far as he is aware, regulating 
the :fisheries of the Rappahannock. His fishery is a night.fishery, using 
a net 318 yards in length. Has heard shad'' washing'~ in tide-water. 
Thinks the spawning season in this river is from April 15 to May 15. 
We returned to Washington the same evening, arriving at 7.30 p. m. 
On Monday, June 2, I visited the United States establishment for 
shad-hatching, situated at the lower end of Long bridge, operated by 
Messrs. Mason and Welsher. I found that during the past week very 
few ripe shad were met with, but that upon the afternoon of Jane 1 
about 250,000 spawn had been taken. These, on examination of' the 
boxes, showed to be in very fine condition, the percentage of unimpreg· 
nated spawn being very slight. A large number of spawn had been 
prematurely let loose by the breaking away, in consequence of a sudden 
storm, of a boom placed above the boxes for the purpose of breaking 
the force of the waves, which are sometimes so high as to upset the 
boxes. The fishing, June 1, commenced at 1.30 p. m., and continued 
until midnight. No ripe shad were taken after 9 p. m. 
On tht' morning of Tu_esday, June 3, I left Washington for Trenton, 
"· J., in company with Messrs. Holton and Green, having been ordered 
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by you to make a careful examination of the shad-fisheries of the Upper 
Delaware, and to fiuJ a suitable location for sllad-batching operations. 
\,Ve arri,·ed at Trenton about 3 p. m. Tlle next morning we visited 
Scnd<ler's Falh;, about seYen miles north of Trenton. Through the 
courtesy of the Hon. Cllarles Hewitt, president of the Trenton Water-
Power Company, we were enabled to make a tllorough examination 
of tlle river at tliis point. Harvey's Island fishery bas been fished during 
the pre8ent season by Mr. Aaron Piu.cock. He reports the catch as 
very small, not more than half that of last year. He believed that the 
great rnn of sllad had not as yet commenced; would be happy to give 
us ever,y attention in his power, but believed. that we would be able to 
do much better higller np the river. His fisllery can only be operated 
in low water, and a rise of even a few feet would render it useless 
as a shad-lrntchiug station. 
Several days were now devoted to the examination of the fisheries in the 
vicinity of Lambertsville; over a dozen were examined, and finally it was 
decided to e1icamp at Lower Black's Eddy, situated in Bucks County, 
Pennsylvania, about twenty-six miles below Easton, and the same dis-
tance above Trenton. The fishery at this point is both a high and low 
water fishery, so that operations need not be suspended. A telegraph-
r-;tation and post-office were within a sl10i;t distance, and every facility, 
including free nse of the nets all(} ground, was afforded by Mr. Samuel 
Farrel, proprietor of the fishing-grounds. Tlle camp was named Camp 
Baird, in honor of yourself. The first spawn was taken June 12, the 
last Jnue 27. vVe moved into camp June 14, and struck our tents June 
2D. For a detailed aecountof uumberof fishes captured and spawn taken, 
see t.he tabular statement. Being called. to my home on June 20, I 
receh'ed yours of June 18, stating that you would be in New York City 
upon the following· day. vVishing to obtain from you further orders, I 
repaired to New York, and received from you instructions concerning 
the trausportation of spawn to the Monongahela River. 
I returned to camp on Monday, June 23, and on the afternoon of 
June 24 started for Greensburgh with 15,000 young shad. 
The following· are my notes of the journey: Fishes shipped from 
Camp Baird at 5.30 p. m., temperature of air 64°, water 630; reached 
Easton at 6.40 p. m., changed water; left Easton at 8 p. m, air c;oo, 
water 63°; left Bethlehem at 8.40 p. m., air 60°, water 640; left Allen-
town at D.W p. m., air (:i0°, water 63°; changed water; left Alliance at 
10 p. m., air G0°, water 63°; left Reading at 10.30 p. m., air 680, water 
62~0 ; left Harrisburgh at 12.10 p. m., air 70°, water 640; left Mifflin at 
2 a. m., air G3°, water G0°; changed water; left Altoona at 5 a. m., air 
6G0, water 62°; left Blairsville at 7.08 a. m., air mo, water 640. 
We arrived at Greensburgb at 8.15 a. m., and at once transferred the 
fishes tu a small stream known as Jack's Run, situated upon the out. 
skirts of the town. I was accompanied upon the trip by Mr. William 
Scwartz, of Point Pleasant, who afforded most valuable assistance. The 
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fishes reached their destination in good order, the low temperatura of 
the night being greatly in their favor. Though furnished with an ample 
supply of ice·, through the kindness of Mr. A.H. Lee, of Allentown, its 
use was not necessary, the tern perature of the water never exceeding 650, 
I returned home via Pittsburgh, Harrisburgh, and Reading, arriving 
at camp June 28. Here I found all operations suspended. The erec. 
tion of a dam by the Delaware and Raritan Canal Oompany at Bull's 
Island, with a chute of only 25 feet, _had completely stopped the ascent 
of shad. A number of spent fishes upon thei_r way down the river were 
taken, but the ascending spawners had disappeared. Upon my giving 
my assent, camp was broken June 29. Messrs. Holton and Green left 
for home on the following day. I remained until July 1, when I also 
left. 
Such, sir, is a synopsis of my proceedings while in your employ. I 
have made numbers of observations upon the food.fishes of our rivers, 
which, with information obtained from various sources, I hope to pre-
sent in a future supplementary report. A sma,ll collection of the fishes 
of the Delaware was obtained, and arrangements made for a more com• 
plete set. 
I am, sir, respectfully yom·s, 
"I J. H. SLACK, M. D. 
Prof. S. F. BAIRD, 
Portland, Me. 
Report of shad and shad-spawn taken at Camp Baird, 18f3. 
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June 10............... 10 ••••••.••••••••• ··-~--. ·-·~--- •••••••••. .All males. 
11.......... .••. 19 
12.... •• • ••• •. • • . 15 1 15,000 .•••••..•••••. ·••••• •••. 
13. ••••••••••• ••• 10 1 15,000 72 76 .••••••••. 
14.. ......•.• ..•. 7 2 35,000 72 74 .••••••••. 
15 .. ••..•......•..••....•••.•.......... 71 75 ••••••• •• . Sunday. 
18............... 8 2 40,000 72 77 •••••••••. 
17............... 21 2 25,000 14 80 ••••••·••• 
18. .•••.• ..•••••. 7 2 '20,000 74 81 28 000 
19 • • • • • • • • • • • • • • 12 4 85, 000 76 83 ••••• : •••. 
20 • • • • • • • • • • • • • • 3 1 30, 000 76 82 •••••••••. 
21 •••••••••••••. 17 5 105,000 75 81 35,000 
2-J ••••••••••••••.•••••••••••••••••••••• 75 80 Sunday. 
23 •••••••••••••· 11 2 50,000 73 74 .••••••••• 
24 • • • • • •· • •..... 1 • •• • • • . •• • • • • • • • 72 72 Severe storm; 15,000 shipped. 
25... •• • • • • • • •• • . 7 2 35, 000 70 77 30 000 
ts............... 12 4 50, 000 70 77 100: 000 
27 • • • • • • • • • • • • • . 9 1 10, 000 72 79 •••••••••. 
:::::::::::::::: :::::: :::=:: :::::::::: ~-~·-·· ···-~- !::ggg Sunday. 
169 29 495, 000 73. 2 78 433, 000 
....... _. 75. 6 15, 000 
.,_ oC young 1had, lnclodingtboae pot into Honongahela ---
Bi ver. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . 448, ooo 
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REMARKS ON REPORT. 
Percentage of loss, about 13 per cent. 
Average temperatures: a. m., 73.2°; p. m., 78°; total average 75.6°. 
PP-rcentage of ripe shad to fish taken, 17¼; average number of spawn 
per fish, 17,069. 
3.-REPORT ON THE TRANSFER OF SHAD FROM THE HUDSON RIVER 
TO THE SA.CR.A.MENTO. 
BY LIVINGSTON STONE. 
CHARLES'l'0WN, N. H., December 1, 1873. 
Sm: I beg leave to present herewith a report of my operations in 
carr_ying live shad from the Hudson River to California, and in procuring 
the eggs of the Sacramento salmon for distribution into various waters 
of the United States. 
I have tlie honor to be, your obedient servant, 
LIVINGSTON STONE. 
Hon. SPENCER F. BAIRD, 
United States Commissioner of Fish and Fisheries. 
REPORT. 
On the 9th of June, 1873, the day after the loss of the Oalifornia 
aquarium car in the Elkhorn River, Nebraska, I received at Omaha a 
telegram from you, instructing me to return East with my men, and take 
a load of live shad to the Pacific coast. As soon as was practicable I 
reported to you at Washington, and immediately after began prepara-
tions for the overland journey with the shad. Your instructions were 
to procure the supply of shad from Mr. Monroe Green, at the New York 
State Hatching-Works, at Castleton, on the Hudson. Accordingly, 
when everything was ready I proceeded to Mr. Green's camp with my 
two assistants, Mr. Willard T. Perrin and Mr. Myron Green. Mr. Mon-
roe Green had a sufficient number of shad on hand at the right age for 
the journey, and at a.bout 5 o'clock on the afternoon of the 25th of 
June we left the shad-batching camp for the Castleton railroad-station, 
with eight cans, containing in all eighty gallons of water and 40,000 
shad. Mr. Welsher, of Seth Green's force, accompanied us as far as 
Omaha. We reached Albany safely, and left that city at 1.40 p. m., o~ 
the New York Uentral Railroad, going west. 
In carrying live shad, it is considered necessary to give them a change 
of fresh water every two hours. We accordingly took on reserves of 
water, for the purpose of making these changes at Albany, Utica, .Syra-
cuse, Rochester, Buffalo, Dunkirk, Erie, Painesville, Cleveland, Illyria, 
Edgerton, Elkhart, and South Bend, arriving at Chicago Friday morn-
ing, June 27, with the fish in good order. The temperature of the water 
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when it was put into the cans was 70° Fahrenheit, and we kept it at 
about that temperature till we reached Chicago. 
I ougp.t to remark here that the main points in carrying living shad 
are: (1) To m3!ke constant and regular changes of water; (2) To keep the 
temperature even, not letting the water fall below 62°, or rise above 750; 
(3) To avoid all sudden changes of temperature in the cans; (4} To 
avoid introducing impure, alkaline, or other unsafe water upon the fish. 
I remarked that we kept the temperature of the water about 70° till 
we reached Chicago. The morning of our arrival here, µowever, was 
very hot, indeed, the thermometer indicated about 100° in the shade, 
and it was with great difficulty that the water could be kept down to a, 
safe point without producing too sudden a change of tern perature, but 
by making several changes in quick succession we succeeded in keeping 
the water from rising above 7 4°, and a little after noon left Ohieago for 
Omaha, the fish being in good condition. From Chicago to Omaha we 
took on water at La Porte, Bellow's Station, Bureau, Tiskilwa, Rock 
Island, Davenport, Kellogg, Casey, and Avoca, reaching Omaha about 
noon. 
During the previous night, on our way from Chicago, we had suc-
ceeded in bringing the water down to 68°, but befor~ reaching Omaha 
it was again to 72°. M.r. Welsher left us at Omaha, and returned to 
Castleton, N. Y., his care and experience having contributed very much 
to the success of the expedition so far. 
We left Omaha at 3 p. m., on the Union Pacific Railroad, the train 
being several hours behind time. The fish were still as fresh as when 
they left the Hudson. There were now but four days between us and 
the Sacramento, and we took courage. Owing to the scarcity of suita-
ble water in the long reach of alkali country before us, I considered it 
necessary to take on larger reserves of water at the few places where the 
. water could be depended up(lu. I accordingly procured at Omaha a 
thirty-gallon tank which bad been recovered from the wreck of the 
aquarium car, and obtained permission from Mr. 0. B. Havens, the 
train-dispatcher of the Union Pacific Railroad, to stop the train at the 
Elkhorn Ri\·er, long enough to allow us to till our tank from the Elkhorn. 
The water which we took from this river proved to 1.,e the best for the 
shad that we found on the road, although very roily and so hot (bring-
ing the thermometer up to 84°) that it ate up our ice-supply very fast. 
About S o'clock SaturdaJ evening we took on several hundred pounds of 
ice at Grand Island, Neb., but as we climbed the Rocky Mountains the 
air grew colder and we did not need much ice. During the night the 
temperature of the ca.us foll steadily till morning. Just before day-
light we took on a small reser\"e of water at Big Spring, Neb. This 
,vater was cold and clear, and brought down the temperature of the shad 
still lower. At snuri86 the thermometer indicated 670 to 680 in the 
cans, and remained at about that 1>oint till G o'clock Sunday afternoon, 
I •11 we reached Laramie, and took on fifty gallons of Laramie River 
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water. The T1aramie reserve had a temperature of 62°, and the night 
being yery cold, the water in the cans uropped down to 66°. \Ye built 
a hot fire, however, in the stove of the express car, and kept the tem-
perature from going a11y lower. We obtaiued a small supply of water at 
Entuston, Utali, and as we descended "vVeber Cail.on, approaching Ogden, 
the weather grew warm again, and the anxiety we felt alwut the water 
gettilig too cold was removed. We reached Ogden at 5.30 p. rn., J\fon-
day, ,JuuP- 30, and laid iu a large reserve of water from Wel>er River, 
which was Yery good, tliough roily. Here we left 5,000 of the shad in 
clrn.rge of .Mr. Rockwood, of Salt La,ke Uity, for the beuefit of Great Salt 
J.ake. 
"\Ve had prcviom,1y passed through very cold weather, and at Bryan, 
011 the Rocky Mo1111ta.i11s, there was even a slight flurry of snow, but on 
leaving Ogden Mou(lay evening the air grew still colder, the tempera-
ture of the ca,us dropped to 65°, and there was no stove in the car to 
warm the air or heat water with. The air grew colder and colder, and 
it soon became ol)Yions that some unusual means must be resorted to to 
keep up the tcmpcrawre of the water in the cans. By telegraphing 
ahead for hot water, arnl ·by heating an iron in the engine furnace, and 
plnuging it into a vessel of water, we managed, by incessant labor all 
night, to keep the cans from going below 62°, but it was a close strug-
gle. The secret of the difficulty was, that the warm water which we 
obtaine(l we could not depend on sufficiently to introduce it into the 
cans, and only ventured to utilize its heat by placing a smaller vessel of 
good water in the large pail of hot water, and letting it remain till it 
became warm. Daylight and the warmer atmo~phere that followed 
were never more welcome th,111 they were ou Tuesday morning as we 
emergPd into them, finding ourselves about fifty miles over the Nevada, 
line, with the shad in flue order, and now only fivR hundred and fifty 
miles from Sacramento. We ha<.1 been changing the water a little 
oftener than every two ltours night and day up to this time. "\Ve uow 
began to change the water almost every hour, and felt quite hopeful of 
sncePss. By utilizing tlie hot water whiclt we obtained in various ways, 
and by com;tant exertion, we were enabled from this time to keep the 
temperature of the cans at a safe distance from the minimum limit of 
safety, and taking on another large reserve, both of hot and cold·water, 
at IIuml>olllt, at 7 o:clock Tuesday evening, Jul,y 1, we passed the night 
safely, and found onr~elves the next morning within the limits of Uali-
fomia~ on the western slope of the Sierra Nevada, with all the shad in 
first-rate condition, and only seven hours' run to Sacramento City. At 
!) o'clock Wednesday morning we took on a small supply of water at 
Alta, Cal., and reached Sacramento Uity four hours aU<l a half after-
ward, with the shad as fresh and lively as when they were taken from 
the shad-hatching boxes on the Hudson. At Sacramento City we met 
S. R Throckmorton, esq., chairman of the California State fish commis-
sion, and Mr. John G. Woodbury, the State fish-warden, who expresRed. 
themseh-es wholl.r satisfied with tlle appearance of the young fish. We 
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took on 30 gallons of Sacramento River water here, and a large supply 
of ice, and at twenty minutes past two we left Sacramento, on the Cali-
fornia Pacific Railroad, which runs up the Sacramento Valley, for Te. 
hama, where it was thought best to deposit the shad. We reachetl 
Tehama just.after dark, and at ten minutes past nine on Wednesda, 
evening, July 2, 1873, we placed our 35,000 shad in the Sacrament(J 
River, near the village of Tehama, just above the railroad bridge, in the 
presence of' Mr. Woodbury and several citizens of Tehama, the whole 
expedition, from beginning to end, having been an entire Sllccess. 
Below will be found a list of the places where we procured supplies 
of water, and also a table indicating the changes of temperature in th1' 
water which contained the shad. 
We took on water east of O[Qaha, at Albany,' Utica, Syracuse, Roch-
ester, Buffalo,.Dunkirk, Erie, Painesville, Cleveland, Illyria, (well-water,) 
Edgerton, Elkhart, South Bend, (bad lime-water,) Qhicago, (Rock Is-
1and Railroad depot,) La Porte, Bellow's Station, Bureau, (rain-water,) 
Tiskilwa, (spring-water,) Rock Island, (good,) Davenport, (from Missis• 
sippi River,) Kellogg, Carey, Avoca. 
West of Omaha we took on water at-
Gallons. Temperatnre. 
Elkhorn River . . . . . . . .......•••..... 
Big Spring ..............•........... 
Laramie River ......................• 
Evanston, (spring-water) ..•......... 
Ogden, (Weber River) ............... . 
Humboldt Station, (Mpring-water) ..... . 










The temperature of the cans was as follows: 
Hudson River water, 70°. 
Albany to Ohicago, 700, 740_ 
Chicago to Omaha, 74°, 680, 720. 
Omaha to Laramie, 720, 700, 690, 670, 
Laramie to Ogden, 670, 660. 
Ogden to Humboldt, 660, 620, 660, 700_ 
Humboldt to Sacramento, 700, 680, 660, 670. 
Sacrament.o to Tehama, 670, 700_ 



















In concluding this account of the journey with the shad, I will say that 
the water was changed every one or two hours, night and day from 6 
o'clock p. m. on Wednesday, June 25, to 9 o'clock p. m. on Wednesday, 
July 2, being about 105 times for each of the eight cans or equivalent 
to changing the wat.er of one can 840 times. ' 
I will also add that a careful estimate was made of the number of 
shad that died on the way, and it was found to be about 400, or 1 per 
cent. of the whole. 
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4.-0N SIIAI>-IIATCIIING OPERA'rIONS BY THE COMMISSIONERS OF THE 
STA'l'E OF MAINE. 
BANGOR, ME., August 6, 1873. 
DEAR Sm: Yon ask mP, for data, particulars, &c., of our shad-
hatchiug experience this year. The awakened interest in fish-culture in 
our State has made such calls upon our time, has kept us so continually 
occuph•d, that we were able to make but little anticipatory preparation 
before we were called to the field of operation. Our experiments were 
not rich in results of great numbers of fish, but in valuable experience 
for our fnturc guidance not contained in auy of onr books on piscieul-
ture. \Ve were governed in our time of commencing by the operations 
of the Massacbm,etts commissioners at Andover, as from them we were 
to learn the mo,le of procedure. This necessarily delayed our opera-
tions at Bowdoinham until the 15th June. Fnrther delays in obtaining 
the re11uisite material for boxes, the changes required by practical use 
makiug all those constructed useless in waters where there was no cur 
rent, cous11me1l so much time that when all was ready the season was 
pas8cd, and none but spawned shad could be obtained. The opinion 
was arrived at that all the shad required as spawners could be obtained 
at Bomloinharn between the 10th and last of June. The great obstacle 
presented in the path of progress to every attempt to bring about rap-
idly the restoration of fish to our waters, is the system of patenting- every 
result of simple expel'ience in practical work, and thus establishing a 
toll ou every road to success. Uonclu8ions as obvious and unavoidable 
as that "twice 2 is 4" have been the subject of claims for letters-patent 
until one can scarce use a Lit of charcoal as a disinfectant lest he be in 
extricably in rnlved in a lawsuit, upon the claim that the wood was only 
charred and not carbonized. 
If this was exhibited only in placing a moderate royalty on every 
mode, or art,icle, or implemeut, so 1>atente<l, the tax would be readily paid: 
but, as in oul' ease, the demand is now so exorbitant as to amount t~ 
prohibition. Tile sum demanded of us for one of these patents w'-ls 
two-third:-; of the entire appropriation of the State of Maine for our whole 
department. We succPeded, most fortnnately, iu constructing a hatch-
ing-box that, while it infringed upon no pateut, g-~ffe all the requisite 
motion of the eggs in the box, so necessary to the ~uccessfnl hatching of 
shad-spawn in a current. At Bowdoinham there was no current to mo,·e 
the eggs in the boxes; the short, chopping wave at the ebb and flow of 
the ti,le gave simply au up-and-down motion, while the wind with it~ 
added force projected the waves into our boxes and washed out the 
eggs. A new form of box was adopted, a simple parallelogram, with a 
bottom of wire netting. The boxes were floated within a plank frame 
as a sort of breakwater; this wa.s a success, so far as hatching was cou 
cerned, but the mesh of the wire netting was too large, and onr 
fish escapell as fast as hatchell. This brought us to the end of the sea-
son, as 110 more shad that hall not sp,nvned were to be had. The mun-
s. Mis. 7 4--27 
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ber of shad batched, according to an estimate made by Mr. Commissiont1 
Stanley, and coincided with by his assistant, Mr. Brown, was 100,000. 
Tile United States commissioner, Professor Baird, afterward veryoppor. 
fonely supplied us with 100,000 shad-fry from Hadley Falls, on the Con-
necticut, which were· planted in the Penobscot at Mattawamkeag. The 
possibility of obtaining shad-spawn from Massachusetts so much later 
in the season than with us, would seem to indicate ~hat the habits of 
the shad are the reverse of the salmon. The earliest spawning of the 
salmon is at the head-waters of the river, the latest run of fish always 
spawning lower down· the river. Our inference here may not be cor-
rectly deduced, as our experiments were at the mouth of the Kennebec, 
where the fish are' probably turned back from their native spawning. 
grounds by the Sprague's Dam at .Augusta, and cannot follow out their 
instincts. The shad at Topsham, also, were found all spawned. These 
later fish never could have ascended much higher than Brunswic'll 
owing to the natural obstructions in the river. 
E. M. STILWELL. 
XIX.-REPORT ON THE PROPAGATION OF THE SHAD (ALOSA 
RAPIDlSSIMA) 1\ND ITS INTRODUCTION INTO NEW WATEHS 
HY THE U. S. FISH COMMISSIONER IN 1873. 
BY J,nms w. MILNER. 
1,-SIIAD-HATCHING AN IMPORTANT DISCOVERY. 
In the progress of fish-culture there has probably been no more difficult 
problem carried forward to a certain and successful conclusion in a short 
space of time than the propagation of shad, nor has the propagation of 
an,v specit?H affortled more efficient results in the attempt to increase the 
numbers of the fooJ.-fishes. 
2.-PLAN OF OPERATIONS. 
The plan of the work of shad-ha.tching, under the appropriation for 
that pmpose, as established by Professor Baird, was to begin as far 
sonth a,s the Savannah River, early in the season, and visit the rivers 
northwanl as the season advanced, it being a well known fact that the 
shatl enter rivers in snccession to the northward, at intervals of a few 
week:-;, for the purpose of spawning. 'l'he Savaunah R-i ver, of Georgia, and 
the Nense and Roanoke Rivers, of North Carolina,, ou the representation 
of Dr. II. U. Yarrow, who i11ve1-1tig·ated the southern streams, were se-
lectecJ, and the locations of the hatching-stations determined, with refer-
ence to the supply of fish obtained at the fisheries, and the facilities 
for tram,ferring the yonng shad by rail to waters destitute of this species 
of fi:,;h, 'l'he i11teutio11 of the work was not ouly to multiply numbers 
in the streams where the spawning tish were taken, but to stock other 
waters with this valuable fish where they had been exterminated or 
where they had never t>xisted. The Potomac antl Delaware Rivers, the 
Susquehanna and the Rappahannock Rivers, were kept in view as favor-
able streams for shatl-lmtcliing, with possibly one or two rivers still far-
ther north late in the semmn, from which contributions could be made 
to the waters of the 1\1ississi ppi Valley and the. great lakes. 
It was determined by the commissioner to obtain if possible the ser-
vices of s(~th Grern, and arrangements were made with him for that pur-
pose to affonl to the commission his own aid and as many of his trained 
experts as could be spared for the season. 
3.-0PERA'l'IONS ON 'l'HE SAV A.NNAII, NEUSE, AND ROANOKE RIVERS. 
On the 17th of April Set.h Green, with a party of four, his son, Mr. 
Holton, l\1r. Welsher, and Mr . .Mason, all liaving had ample experieuce 
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in the work of shad-hatching, arrived in Washington, and Mr. Gree1l, 
after learning the plans and intentions of the commission, left, accom-
panied by the wlrnle party, for Augusta, Ga., where the first station 
was to be established. 
The intense heat affecting Mr. Green unfavorably, he was obliged to 
return home, and the work fell to the hands of the rest of the party t.o 
perform. 
Mr. Mason Peports that a visit to the fish-markets on the 21st found 
only twenty shad offered for sale, and on visiting the fishing-grounds 
the fishermen asserted they did not think fifty shad would be taken in 
one day within ten miles of Augusta. Remaining at the fisheries until 
11 p. m., only one shad was caught, though six drift-nets were in use on 
that portion of the river which he visited. 
Until the 28th, the time was spent in visiting the different fisheries 
above and below Augusta> for a distance of twenty miles along the 
riYer, with no better results. From six.~een trap-nets in a rapid portion 
of the river be saw four shad taken, all dead from the rapid water 
crowding them against the lower side of the crib. 
On the 28th, receiving advice from Mr. Welsher, who had gone north 
prospecting on the Neuse Rh·er, the camp on the Savannah was aban-
doned and the whole party proceeded north to New Berne~ N. C., and on 
May 1st selected a location for a hatching-station fourteen miles up the 
river. At this place from eight to fourteen shad were taken nightly 
uutil the 6th, when the rains had raised the water in the rivers until the 
only fishingpossible was with skim-nets. Two spawners were taken on the 
5th with skim-nets, from which 45,000 eggs were taken and impregnated. 
The river continued to rise until, on the 12th, the party were driven 
from their camping ground and returned to New B~rne. The young 
sbad were hatched with scarcely any loss of eggs, and were turned into 
the river, witb the exception of about one huudred, carried to New 
Berne for exhibition. 
On the 15th, orders having aITived from Washington, the party divid-
ed, Mr. Holton and Mr. Chester Green going to the Roanoke River and 
selecting a locality for a hatching-station near Weldon, N. C., and 
Messrs. Mason and Welsher came to Washington. 
Messrs. Holton and Green at this point were so fortunate as to obtain 
and impregnate a quantity of spawn of the striped-bass or rock-fish, 
Roccus lineatus, which they placed in hatching-boxes and treated them 
iu the same manner as shad ova and succeeded perfectly in bringing 
them to maturity in about the ttame period of time required for shad. 
4.-0PERATIONS ON THE POTOMAC RIVER. 
On the 16th• the station on the Potomac River was established at the 
south end of Long Bridge, at Jackson Tavern, Virginia. Messrs.Knight 
ar11l Gibson, owners of extensive fisheries in the vicinity of Washington, 
11, owning the fishery at that point, afforded a supply of spawning shad 
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and extended many ·rnhrnl>le favors through their foreman, Captain 
Evans, who was alway~ ready to afford assistance. 
On the night of the 17tu twenty ripe spawners were taken and about 
400,000 eggs impregnated and placed in the hatching-boxes. This large 
qua11tity afforded us anticipations of a more than ordinary success on the 
Potomac Rh·er, that were not destined to be fulfilled. 
Ou the 18th about five hundreu shad were taken at the fishery, and 
only two ripe spawners found among them, affording about 50,000 eggs. 
The temperature of the river on this day was 63° in the morning and 
G7° in the afternoon. 
On the 19th about six hundred shad were hauled in the seines, among 
which ten ripe fish were found and about 250,000 ova impregnated. 
The temperature at 6 a. m. was 62°; at 6 p. m. it was 65°. 
On the 20th, one hundred and twenty shad were taken, seven ripe fish 
f'onnd, and 120,000 ova obtained. 
The 21st was cold and rainy. In the night-hauls six hundred shad 
were captured, seven ripe fish handled, and 150,000 spawn taken. 
The 11ight-eatch of the 22d was one hundred and thirty shad, four 
ripe fish alJ(l 100,000 spawn. 
The 23d saw the fir.st young shad out of the egg, about one hundred 
and forty hours after the first eggs were impregnated, the water having 
varied iu temperature between G::~0 and 67°, the time being just about 
double that occupied when the temperature ranges from 75° to·so0 , in 
both instances the water remaining quiet. Ou this day four spawners 
were found aud about 90,000 eggs obtained. · 
Arrangements were matle with fishermen on the river, at Mr. Living-
ston Stone's request, for obtaining one thousand young cat-fish and five 
hundred yellow perch to be forwarded to the California aquarium ca.r. 
The fh,herman collected the perch, Percaflavescens, in a live box, and a 
number of cat-fish, Amiurus albidus, were also obtained. 
On the 24th 50,000 eggs were put into the boxes. 
Ou the 25th 400 shad were taken, three ripe fish, and about 60,000 
eggs taken. Twelve boxes of the young fry were turned loose in the 
river, about 200,000 shad. 
On the 26th; from a catch of about 200 shad, four ripe ones were ob-
tained and about 75,000 eggs impregnated. There were also on this 
day about 220,000 young fish turned loose in the river. 
On the 27th a heavy storm from the nortll broke the connecting links 
of the boom that had been arranged to protect the boxes, and sweeping 
it down upon some of them, released about 275,000 young shad into the 
river, with tue eggs in the same boxes rema,ining unhatched, of which 
there was a small percentage just ready to hatch, and many of them, no 
doubt, emerged from the egg in good condition on the bottom of the 
rfrer. 
Out of 250 fish four ripe fish were taken and 80,000 spawn put into 
the boxes. 
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On the 28th about 155,000 young shad were put· into the river, and 
~0,000 eggs impregnated from three spawners. 
On the 29th the river was muddy and the water high from rains to the 
northward, and but few shad were taken in the nets, and no spawn• 
found among ihem. The temperature of the river on the afternoon of 
the 28th reached 70°, and on the 29th varied from morning to evenint 
from 70° to 75°. 
On the. 30th no ripe fishes were taken. The tern perature of the river 
varied from 75° to- as high as 80°. About 50,000 young shad were 
turned loose into the river. 
On the 31st the temperature of the water had fallen as low as 62° in 
the morning, but rose again before night to 70°. Day-time fishing for 
spawners, though rarely successful, afforded this day three ripe fishes., 
and at night nine more were taken, and from all 250,000 ova were 
obtained. 
June 1, no ova were obtained. 
On June 2, 214 fishes were captured and :five ripe :fishes hamlle~ 
producing 100,000 spawn, the temperature of the river varying between 
68° and 720. 
On the 3d the :fishermen made twelve hauls of the seine, capturing 
about 200 shad, among which were found four spawners, and 80,000 
eggs taken from them. 
On the 4th twelve hauls were made and but few shad taken. Eight 
ripe females were obtained in the evening, and 190,000 eggs impreg• 
nated. 
The 5th saw but few shad taken at the hatching-station. More than 
100,000 young fish were turned out of the boxes; four ripe females were 
obtained and about 70,000 eggs impregnated. The river for the first 
time during the season showed a temperature as high as 84°. 
On the 6th the fishermen made twelve hauls, taking only ninety shad; 
eight of them were ripe females, but the eggs were all found to be dead, 
on extrusion, with a white speck in the normally uniform yellow tint 
of eacli egg, showing its addled condition. The temperature of the 
river in the morning and the evening was 78° and 340_ As .dead eggs 
are seldom or never taken from the shad except in a time of high tem-
1,erature of the river, this condition is without doubt to be attributed to 
,this cause. There were about 75,000 young fish turned loose on this 
day. 
On the 7th nine hauls were made, two ripe spawners obtained, and 
15,000 eggs impregnated. There were about 125,000 young :fish turned 
into the riv~r. The highest record of the th~rmometer in the river on 
this day was soo. 
Knight & Gibson stopped fishing for the season on this ground, "cut 
out the nets," as it is termed on the river, their fisheries farther down 
t lu• river having been stopped several days before, and it was with 
difficult and additional expense the gang of meu could be kept together 
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for the sake of procuring spawners, the proprietors of the fisheries 
being p,irtially remunerated for their expenses during this additional 
time. 
A new and less expensive seine was put in on the 8th, but no shad 
were ta.ken in it, antl but few other fishes, which was no doubt partly 
ow-iug to the bad construction of the seine. About J0,000 shad were 
turned into the rh·er. 
On the 10th a new seine was set at work on the ground, and making 
eight hauls one shad was captured. The temperature of the water was 
80° to s~o. 
It was now decided to break up the station,-_and the boxes, chains, 
anchors, aml boat were stored away until another year. 
N. W. Clark, of Clarkston, a fish-culturist of Michigan, arrived in 
Wasliiugton on tlie 4th, sent out by the State commission for a supply 
of shad for waters in Michigan. A sufficient supply for this purpose 
was in readiness, and it was decided at the same time to move a ship-
ment out to the head-waters of the Kanawha River, in West Virginia. 
Six large milk-cans, with a capacity of fifty quarts each, had been pro-
vitled for the purpose, but at the request of a prominent fish-culturist 
two large galnu1ized-iron cans, with a very conYenient and ingenious 
device for aeration, were substituted for two of the milk-cans. About 
50,000 young shad were put into the six cans. The water from the river 
at 5.45 p. m., the time when the fish were put into the cans, was 83.5° 
in temperature, and a quantity of ice was immediately procured for the 
purpose of reducing tliis high degree of heat, as it was much too high 
for the young fish to endure. 
1'he ice placed around the cans while being transferred in a wagon 
from the hatching-station to tlie ferry-boat of the Orange, Alexandria 
and Manassas Railroad, reduced the heat somewhat, and while cross-
ing the river on the steamer a small quantity of ice was put inside of 
the cans, so that at 8 p. m., when the train left Alexandria, two hours 
and fifteen minutes after the fish had been put into the cans, the tem-
perature was reduced to 72°. 
A reserve cau of water, obtained at a hydrant in Alexandria, was 
taken on board the train and a qnantity of ice put into it. 
Fresh water was obtained at Warrenton Junction, at Staunton, and 
North Mountain Summit, always from the railroad-tanks, as no other 
water was to be obtained; the temperature of the water in the reserve 
can was reduced with ice to abont 52° to 53° before it was put upon 
the fish, and the cans of fish held a very uniform temperature through-
out the journey of from 68° to 73.50. 
In the uight it was discovered that a large number of the fish in the 
galvanized-iron cans were dead, tliough those in the tin cans seemed to be 
all lively and in good condition, and iu the morning very few living ones 
could be found in the galvanized-iron cans. 
At 8.30 a. m. of tl.te Gt.b, Ronceverte, West Virginia, the point on the 
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Greenbrier River selected for placing the fish, was reached. There had 
been fresh water afforded the cans fl ve times, and the aerating appa-
ratus applied seventeen times. 
The temperature of the Greenbrier River was found to be 76°; the 
water in the cans from 72° to 74°, a difference too slight to injure the 
young shad. Procuring a boat, some time was exp~nded in finding a spot 
free from minnows and small fishes; but they were finally turned into a 
quiet inlet to one side from the rapid current of the river. 
The two cans of galvanized iron did not contain a single live fish, but 
the loss in the tin cans was very small. The process to which the sheet-
iron is subjected while the zinc coating is applied had possibly left suffi-
cient injurious matter on the metal, which had not been well cleaned and 
produced the fatal effect upon the fish; and, though large fish may not 
be materially affected by the use of this metal, it is not advisable to use 
it in the transportation of so delicate a creature as the young shad. is. 
Out of the *50,000 estimated to be the number that left Washington, 
about 30,000 were put into the river alive. 
On the 9th 40,000 shad were put into the tin cans and sent to the 
New River, Virginia, headwaters of the Kanawha River, in the charge 
of Mr. Welsher. 
The temperature of the water was reduced to about 70° before the 
cans ,, ere put into the wagon. Leaving the city at 7 p. m. they reached 
Central Station Virginia, at 10.30 a. m. of the 10th and were moved to 
the river in an ox-cart and turned out of the cans in good condition with 
an imperceptible loss. 
The work of the season bad resulted in the releasing of 1,370,000 young 
sbad in tho Potomac River, and about 90,000 contributed to the head-
waters of the Kanawha River as a portion of the stocking of the waters 
of the Mississippi River tributaries, which was a part of Professor Baird's 
plan for the season's work. 
The conservatism which Seth Green had taught his men, in estimating 
numbers of eggs, is to be taken into account, when comparing the suc-
cess of the season with that of other localities; as the uncertain and un-
reliable method in estimating in different parts of the country bav·e re-
sulted in very different standards, by which the approximations to the 
troe number have been attained. 
In the future it will be adYisable to begin operations earlier, as it is 
not probable, in ordinary seasous, that the temperature of the water will 
contiunecold so late in the spring, and the last of April, or possibly the 
middle of the month, might find occ_asionally a fish spawning; and the 
true policy in effecting large results is not to allow a single spawning of 
egl!s to escape the vigilance of the operators. 
•The standard for estimation of numbers of the live fish adopted by Mr.Green's men, 
with commendable desire not to exaggerate, I suspected from the first to be too small, 
aa it would not account for the estimated number of eggs in the boxes. A toRt was 
, ••♦ •11 utl. made 88 related on page 443, and any excess of numbers in this report 
o,·er former published statements in the newspapMs is to be attributed to this fact. 
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Shad·hatching on the Potomac River, Jackson City, Va., opposite Washington, D. C., in the 
year 1873. 
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a One spawner in day time. b Three spawnors in day time. 
c Egg11 all dead. d Cloudy and rainy. 
e Hea'\"y storm from north. f First shad hatched on 23d, six days. 
g Transferred to Greenbrier River, W. Va. h Transferred to New River, Va. 
5.-ME'l'HODS EMPLOYED IN SH.AD HATCHING. 
Up to 1867 the speckled trout, (Salmo fontina.lis,) the salmon, (Sal-
rno salar,) were the only fishes that had been hatched on any consider-
able scale in the United States. Experiments had been made with 
more or less success on the yellow perch, (Perea flctvescens) and the wall-
eyed pike, (Stizostedi-wn americcmum,) th~ common sucker (Oatostomus 
communis,) the corporal,* (Smnotil-us corporalis,~) the salmon.trout, (Salmo 
namaycush,) and the white.fish, ( Ooregonus albus.)t 
At the invitation of the States bordering on the Connecticut River, Seth 
Green visited the river and selected what afterward proved to l)e a most 
excellent locality for a shad-hatching station. He began his experiments 
in shad-hatching l)y using the usual methods for trout-batching-the 
* A Treatise on the Artificial Culture of certain kinds of Fish, &c., by Theodatus Gar-
lick, M. D., Cleveland, Ohio, 1857, p. 137. 
t Annual Report Department of Agriculture, 18[>9, 
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ordinary troughs, with a gravel covering on the bottom, and a strAam 
running with a slight current over the gravel. Owing to the very 
light specific gravit.y of shad-eggs, it was soon found that there was no 
success whatever to be hoped for by these devices. 
Several experiments of djfferent devices were attempted before the 
mode now adopted was tried and proved successful. But a successful 
method was discovered and employed sufficiently long before the end of 
the season to hatch out a large· quantity of shad, and the results were 
apparent to the fishermen of the river three years afterward. 
The apparatus• devised by Mr. Green was merely a light pine box, 22 
inches long, 15 inches wide, and 12 inches deep; the bottom was of wire-
cloth-about twenty wires to the inc~. It was used without a cover. 
On the ends of the box two pieces of two .by four scantling were nailed 
diagonally to the lines of the box, so that floating in the water it was 
slightly tilted, the side of the box sunk to the least depth being up 
stream, so that the wire-screen bottom was presented to the current at . 
a slight angle, sufficient to produce a circulation of the water inside of 
the box that kept the light . shad-eggs in gentle motion. In a sluggish 
tide-current the fl.oats are usqally nailed on so that from the upper edge 
of the box to the top of the float in front there is a distance of 5 inches, 
and from the upper edge of the box to the top of the float behind there 
is 2½ inches. The angle of the floats is of course less for· a more rapid 
current, the object being to produce a current that will move the eggs 
as gently as possible, a more rapid motion being regarded as injurious, 
especially in the later stages of development, when it materially hastens 
the rupture of the shell membrane and effects a too premature birth 
The wire-screen bottom is coated with coal-tar, or what is better, asphal-
tum varnish, both for the purpose of preserving the wire-cloth and for 
a supposed effect in retarding confervoid growth. 
The boxes are connected by bridles and lines in gangs of six, and .to 
the first box au anchor-line with a large stone at the end holds the gang 
in its place in the river. The box next the anchor has the floats extend-
ing both ways beyond the box about 8 inches, but on the remaining ones 
they are sawed off flush with the box. 
The method employed at the station at Washington is as follows: 
The fish are taken in a seine one thousand fathoms long. As soon 
as the bag of the seine comes near the shore the fishermen gathering 
the lead-line and cork-line in their hands, gradually work it' up to the 
top of the water, shaking the fish into the bunt of the bag. .A. boat 
is bron~ht alongside and the fish thrown into it with a scoop-net, the 
shad berng at once separated from the other species. The operators, 
provided with ordinary six-quart milk pans, containing about three-
fourths of an inch of water in the bottoms, are in the boat and, taking 
up the shad one by one, detect at once, by a gentle pressure ou the 
belly of the fish, if the spawn is ripe by it,e free emission from the 
* &e illaetration at end of volume. 
MILNER-ON THE ARTIFICIAL CULTURE OF THE SHAD. 42 7 
o\'iducts. In an unripe one the eggs will not flow at all. and if the 
cg-gs are only nearly ready, the extrusion is difficult and in masses 
and the fish is rejected. When a female is found from which the 
eggs flow in a liquid stream when a gentle pressure is applied, it 
is carefully taken in the hands of the operator, the left band ap-
plied closely around the tail and the head of the fish crowded against 
his body, while with the right hand a slight pressure is applied 
with the thumb and finger to the abdomen of the fish, and a stripping 
movement executed which causes the eggs to flow rapidly into the pan. 
As soon as it, is evident that the spawn is all obtained, the shad is 
thrown iuto the basket, it being impossible to preserve the lives of 
so delicate a fish even if the utmost care is taken in handling it• 
But though they are delicate in this particular, and have a very slight 
tenacity of life when taken from the water, they are a very muscular 
fish. Experts in fish-culture who have handled the white-fish and 
salmon-trout of t,lie lakes, regard them much stronger than the same 
sized fishes of either of the latter species, and if the utmost pains is not 
taken to prernnt their releasing themselves from the hold, they will 
flounder and splash in the pan of eggs and probably tllrow a large pro-
portion out, and damage some of those that remain. 
In stripping down the abdomen, a great many scales win be removed 
from thn sides of the fish. These, if ca,relessly allowed to fall iuto tho 
pan. will be an annoyance, as the eggs will adhere to them. They can 
be gathered. and thrown away, by an adroit movement of the hand, with 
a little experience, without making any delay in the operation of strip-
ping the fish. 
Mr. Green estimates the number of ova taken from an average spaw-
ner at about io,ooo eggs, and rarely estimates above 28,000 for the 
most prolific shad. Mr C. C. Smith, operating for the Connecticut State 
commission, estimates an average good spawner at 50,000 ova. We 
have uot made a test of these estimates, aud are not prepared to offer 
an opinion with reference to the disagreement. 
The saimon family contains the species that bad, previous to 1867, 
been dealt with in fish-culture on any considerable scale in the United 
States, nor had any of the family of fishes that embrace the shad, the 
Clupeidcc, been experimented with in Europe. 
The conditions that necessitated new methods in the shad-hatching 
from that of the trout and salmon were not only in the less specific grav-
ity of the shad ova, but in the very much less period of time re-
quired for the development of the fish from the egg. With t.he trout, at 
the ordinary temperature of spring-water, about 470, the trout-eggs re-
main in the hatching-troughs from seventy to one hundred days; with 
the salmon in some hatching establishments, where the water assumes a 
winter temperature of 35°or 36°, the fish are not hatched out under about 
five months from the time the eggs are impregnated. The s.had, when. 
the temperature of the water was as low as from 62° to 67°, only re~ 
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quired about six days to emerge from the egg, while in a temperatare 
between 750 and 80° only about seventy hours or three days from the 
time the eggs were impregnated, the fish were numerous in the boxes. 
This fact was, of course, a great advantage over the trout, both in the 
very much less amount of labor in the care of the ova and in the fact 
that, being in the always precarious egg-stage for such an inconsiller.. 
able length of time, they suffered a proportionately less amount of ex-
posure to the ills and damages the. longer-developing Balmonidre were 
subject to. _ 
The eggs of the shad are somewhat smaller than those of the white-
:ftsh, ( Ooregonus albus, Les.,) which are smaller than ·in the trout, ( Salmo 
fontinalis,) and much smaller than in the salmon, (S. salar.) The eggs, 
just after impregnation, of the white-fish are a little less than one-eight): 
of an inch in diameter, while those of the shad are but about one-tenth. 
The shell membrane is also thinner and the egg more delicate, and 
does not seem to endure the handling and ladling out into moss or cups 
for transportation, or even into the hatching-boxes. Experiments in the 
transportation of shad-eggs, even for short distances, have proved fail-
ures, while the white-fish eggs have been sent from Michigan to Cali• 
fornia, being on the road ten days, and have arrived in good condition, 
and trout-eggs aud salmon-eggs have been shipped much farther, the 
latter from England to Australia and Tasmania. 
A small percentage of loss occurs in the boxes of shads' eggs, and by 
careful :fish-culturists the dead eggs, detected at once by their white 
hue, are removed ; but by many are not interfered with, as they are 
usually too few to occasion very serious damage to the good ones. 
The tool used for their removal is not the egg-tongs or forceps used in 
trout-culture, but a small net, of minute mesh, less than one-half inch 
extension measurement, mounted taut on a ~quare fr~me of wire, about 
3 inches square, and the bad eggs are floated up to the surface and 
thrown out with the scajf-net, the good ones passing through the meshes 
more readily than the bad ones, covered with the mossy parasitic growth 
that so soon develops upon dead eggs. 
Unlike the fl.shes of the salmon familY', the shad, instead of dropping 
the ripe eggs into the open cavity of the abdomen to pass backward 
and out through an ovipore, has a oontlnuation of the oviduct to the 
outside, the two ovaries in their posterror prolongations uniting into an 
oviduct, in which, by dissection, the eggs can be seen to pass within the 
transparent membrane of its walls to its outlet. 
6.-BELA..TION OF '.l.'HE TEMPERATURE OF THE WATER TO THE PROP.A.· 
GA..TION OF THE SHAD. 
Temperature of the water of the sea, rivers, and lakes has a very im• 
port.ant relation to the increase of the food-ft.shes, influencing tbe time 
of the spawning migration, the development of the eggs, and the wel• 
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fare of the young fishes. The eggs, not only after they are deposited 
an<l impregnated, but before they leave the body of the fish, are affected 
by the temperature of the water. The spawning season of the shad 
i-;ecms to he regulated by the increase of temperature as warm weather 
ad,·auces. Their migrations on the coast are in quite a regular succes-
sion of time with relation to latitude. From letters received, from pub-
lished statements, tables of inspection, and personal observation, the 
periods of their migrations are nearly as given in the following: 
They make their first appearance in the Saint John's River, Florida, the 
1st of December. The season of their greatest numbers is February, 
and they disappear in April. In the Savannah River, Georgia, it is 
much the same. On the coast of North Carolina* they make their first 
appearance in December, their greatest abundance is in March, and 
they disappear in May. In the Neuse River, North Carolina, the periods 
of these stages of their migration are a little later. In the Potomac 
River the advance individuals are found in February; they are found 
most numerous in April, and they disappear early in July. They are 
found in the Delaware River at first in March; in the Hudson River 
early in April. In the Connecticut River they are first found in the. last 
of April, are the most abundant the last of May, and do not leave the 
river until late in July. In the Kennebec River, Maine, they are first 
taken in April, and have left by the mid<lle of July; and the same 
dates apply to the Androscoggin River. In the Saint John River of 
New Brunswick t they appear about the mid<lle of May, and in the 
Miramichi River of the Gulf of Saint Lawrence late in May. 
But not only in the ordinary times of ascent is there evidence of their 
sensibility to the temperature of the water, but in late seasons, when the 
snow-water from the northern sources of the streams keeps the water 
cold for a louger period than usual, the shad are retarded in their as-
cent of the rivers, and are taken in quantities by the nets near the 
mouths of the rivers, while the fishermen above wait impatiently for 
the run up stream that they know to be prevented by the coldness of 
the water; oven an entire failure in the shad-fisheries in Albert County, 
New Brunswick, was attributed by the fisheries overseer to the extreme 
latenei-;s of the warm weather of spring. 
Among the Scilmonidw of the great lakes the salmon-trout, (Salrno 
namaycush, Penn.,) the white-fish, ( Ooregonus albu.s, Les.,) and the black-
fin, ( Coregonus nigripinnis, Gill.,) avoiding high temperatures, re-
main in the deep waters duriug the warm weather, but in early winter 
are. taken abnndantly in the shoaler water near the shores. The antip-
athy to warm water varies to some extent, the white.fish showing the 
least, and the black-fin tl.Je most, sensitiveness to the warmth. 
TLie transportation of young fishes in cans indicates this peculiarity 
also. The Salmonidcc will thrive in a temperature as low as 400, and 
.. 8ee Notc8 on the Shad, &c., by H. C. Yarrow, M. D., p. 452. 
t Article ou the Slrnd and Gaspercau, &c., hy Charles Lanman, p. 460. 
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show no symptoms of lethargy in water kept at 45°, while the shad _are 
most active between 68° and 72°, and become torpid and sluggish at a 
temperature below 65°. 
In the case of the shad there are many indications that the develop.It' 
ment ot' the spawn within the ovaries is hastened by the heat and re-
tarded by the cold. In a warm season ripe spawners are more numer-
ous early in the season than in a cold one, and the period for obtaining 
them is apt to close earlier. 
A temperature in the wate:r of about 75° or 76° seems to be-the most 
favorable for obtaining and hatching spawn. At 80° the eggs batch 
very rapidly, but the young fish do not do so well, and a more serious 
difficulty is the fact that many spawners are taken with the eggs dead 
in the ovaries; that is, they have lost entirely the capacity for fecunda. 
tion, and as there has been no instance of this kind reported when the 
water was below this temperature, it is probably correct to attribute 
the cause to the high temperature of the water. 
The temperature of the water regulates the period of development of 
all fishes' eggs that have been experimented with. In ·the shad-eggs 
the period required for release of the fish from t~e eggs was, wit,h an 
average temperature of 64P, though actually varying between 62° and 
68°, about seven days. With an average temperature of about 65°, ac-
tually between 620 and 6~0 , the time was about six days. With an av-
era.ge temperature of nearly 66°, actually between 620 and 69°, the time 
for the most of the fish to be free was about five days. An average of 
68°, between 66° and 75°, released them in about three days. An aver-
age of 72°, really between 65° and 80°, released the fish in about sev-
enty hours, the shortest time observed for a large quantity ot' eggs, 
though usually some were hatched a few hours before the majority, and 
a few eggs lingered for several hours after the eclosion of the rest. 
7 .-THE OVARIES .A.ND OVA OF THE SH.AD. 
The ovaries of the shad are familiar to eaters of shad-roe, as they are 
usually cooked whole. They differ from those of the white-fish (Gore· 
gonus albus) in peing shorter in proportion to their length, and the mem-
brane of the ovaries is thicker and stronger, while the white-fish, 
unlike the shad, has the entire length of each divided transversely into 
folds, which, on removing the outer membrane, are found to hang sus-
pended from the long thickened fold of the rnem brane on the dorsal 
side of the ovary, an arrangement that facilitates the passage of the eggs 
toward the walls of the ovaries, before they fall into the cavity of the 
abdomen. 
The eggs remain in a compact solid mass until they ritlen. At first 
minnte, and the ovaries occupying but a small space in the abdomen, 
thr·. · gradually increase until the whole abclomen is distended with their 
bulk. On a close examination, as t.bey approach the time of spawning, 
I 1 • ill be fouuc.l the maturing eggt1, the larger, which are rather 
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uniform in size, and others of variable size. Whether the latter are the 
forming fggs for the next year, for two or tbree succeeding years, or for 
the lifetime of the fish, has not been determined. In a spent-fish, with 
the ovariPs sh run ken and small, they are still found full of these eggs 
of different sizes; and numerous specimens of this character were pre-
serrn<l in akohol while at Topsham, Maine, at the close of the spawn-
in g--season. 
Several weeks before the time of spawning the ovaries have grown 
so as to fill tlrn cavity of the abdomen, though still increasing. A short 
time before spawning, transparent eggs of large size, contrasting 
strongly with the golden hne of less mature ones, will be found scat-
tered through the still compact mass of ova. These become more and 
more numerous, and after a time the compact condition becomes less ap-
parent and the eggs fall apart and separate, and the extrusion begins, 
a liquid stream of eggs and mucous flowing from the oviduct on the 
slightest pressure of the abdomen. After they lose their compact con-
dition they are no longer preserved for cooking. 
Unripe eggs, 011 extrusion, instead of flowing in a liquid stream, come 
away with difficulty in clotted masses, and generally with a little blood. 
The same thiug will be observed on stripping a fish, with ripe eggs, too 
long, as the eggs of the season are not all ripe at once, as is frequently 
seen in diss1.·cting the ovaries of spawuing-fish. 
The fisb, after the spa,wn is iaken away, has a soft and flaccid appear-
ance about the abdomen, which, after natural spawning, becomes con-
tracted and drawn np, tnpering slenderly toward the tail, the familiar 
appearance that characterizes the despised "spent shad." 
'fhe eggs covering thickly the bottom of a pan containmg water are 
not easily diseernilJle, as they are so very transparent; and as they come 
from the fish are so soft and light that when the fingers are moved 
among them there is nothing other than the water apparent to the 
touch, and in the dark a, per~on trying the experiment would be willing 
to admit that there was nothing in the pan but water. 
8.-'l'HE MALE FISH, 
The male fish resembles the female so closely that there is very little 
certainty in attempting to distinguish between them by outward form, 
even when the comparison is to be made with a gravid female. The 
males are ordirmrily rather smaller than a full-sized female, and the sex 
is quickly known, when ripe, by the flow of the milt from the spermaries. 
Of conn,e dissection always reveals the sex, though tbe sperrnaries even 
in the height of the spawning-season nre Hot nearly so large in propor-
tion to the size of the fish as in most fishes handled by :fi:-;b cultnrists. 
In large lots of shad brought in by the fish-boats early in the season, 
ripe "milters" are often very numerous when as yet a ripe "spawner'' 
is ver.v rare, while later in the season tile ripe males and fernalt>s are 
not fonml iu equal numbers, and it is not a seldom occurrence to have 
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a fine lot of spawn in the pans and not a single ripe male to be found 
to fertilize it with, and it has, to the great disappointment of the 
breeder, to be thrown away as worthless. This scarcity of ripe malee, 
late in the season, may possibly be attributed to this fact, that many of 
them .ripen so much earlier in the season than the females. 
The amount of milt that can be expressed at one time is limited to a 
small quantity, but a very small qnantity will impregnate a very large 
number of eggs, and it is asg.erted by some to be the more successful way, 
though usually the milt of a large number is wade use of when available. 
Under the microscope the milt is seen to be thronged with myriads of 
spermatozoa. Iu impregnating by the dry method their strong-impulse for 
movement is observed, by placing a small quantity of the milt on one side 
of a quantity of eggs covering the bottom of a pan, w·hen, if left to itself 
but a short time, it will be found to have diffused itself between and 
among all the eggs. If but one of the spermatozoa is needed to fertilize 
each egg, but a very small quantity of the milt is required. 
9.-THE IMPREGNA1.'ION OF SHAD EGGS, 
The ova from the female being collected in the pan with a small 
quantity of water, a slight pressure on the ripe male near the anal open• 
iug will force out two or three jets of the milt, which, falling into the 
p3(n, is stirred by a gentle movement of· the hand with the fingers 
8pread, care being taken to keep the fingers from contact with the sides 
or bottom of the pan, as in that case somP- of the eggs would he crushed 
The milt being diffused throughout the water, the pan is left for a few 
moments to allow the spermatozoa to come in contact with the eggs• 
The pan should then be filled full of fresh water, and gently swayed 
until the water charged with milt is thoroughly mixed with the fresh 
water aud the eggs slightly rim,ed, when soon afterward the water may 
be poure<l nearly off and the pau refilled with fresh water, and after a 
slight and always gentle rinsing up of the eggs, the pan may be al· 
lowed to stand for several minutes. 
The fact has been referred to that the eggs were not discernible to 
the touch when put into the pan, nor is there any change in this par-
ticular, if no milt is added; at any rate, for the length of time that the 
eggs have been observed in this condition, a half hour or more. For 
about twelve or thirteen minuties, when the temperature of the water was 
about 700, after the milt was added, no change was observed, but about 
this time a careful movement of the fingers in the pan discemed their 
presence, and in a little more than twenty minutes from the time the 
milt was applied they were felt like shot against the fingers, and to an 
experienced eye were observed to have increased slightly in size.• This 
· 1;>r, E. . ~haeft'er, ?f the United States Army Medical Museum, while making in-
n t,1gatione with the m1croecope at the station, found that the increaite in size was 
nine-twentieths of their '>riginal diameter in one hour and fifteen minutes aftt,r 
ith th" wilt. 
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sta(J'e of their conJition is known to fish-breeders as the "spawn-rising," 
b 
referring to the greater bulk in the pan from the increase in size of each 
egg. 'fhe increase in size and hardness continues for several minutes, 
during which the water is poured off and fresh water poured into the 
pan two or three times, and. the eggs gently stirred with the :fingers. In 
pouring in the water the edge of the dipper is placed against the sides 
of the pan and. the stream directed between the eggs and the sidPs of the 
pan, as it is likel_y to damage the eggs if poured directly down upon them. 
In the white-fish eggs it was observed that before impregnation an 
egg placed upon a hard substance was easily crushed by a slight pres-
sure of the finger, but after impregnation the shell membrane became 
so tongh and turgid that a very strong pressure with the finger failed 
to break it. 
The assertion is made by nearly all experienced in shad-breeding, that 
there is a considerable fall in the temperature of the water in -the pan 
containing eggsu.uring impregnation; some of them judge from the sense 
of touch, and others have made the test with a thermometer, the amount 
of reduction claimed being from six to ten degrees. Having made this 
test with a thermometer on several occasions, I have to ~ay that it never 
resulted for me, though on one occasion a very large number of eggs were 
in the pan. The temperature in the pan was 69° when the milt was applied, 
and the thermometer was pnt into the pan and the bulb immersed and 
allowed to remain, showing not the least change, though every phenom-
enon of impregnation occurred.. When the changes of water were made 
the thermometer was each time inserted, but showed. the same tempera-
ture as the river, the test beiug continued nearly one hour. 
10.-THE SUSQUEHANNA, DELA WARE, AND HUDSON RIVERS. 
On the Delaware River, hatching operations were begun by Dr. J. H. 
Slack, with Mr. Holton and Chester Green, at Lambertsville, N. J., on 
June ii, an<l contiuued until June 27, resulting iu the placing of 433,000 
yonng shad. in the Delaware and 15,000 in the Monongahela, at Greens-
bnrgh, Pa. 
'fhe hatching-station at Washington was broken up on the 11th or 
June, and the 8ame eveniug, accompanied by Mr. Welsher, on his way 
to Marietta, Pa., to work in connection with the Pennsylvania commis-
sioners, aud Mr. :Mason, we went north to find a la,ter migration of the 
shad. 
At ~ewport, the Penns_ylvania commissionem, operating with one of 
:Mr. Greeu's men, had obtained up to date fort_y-three spawners, out of a 
little more than one thommnd shad. takeu, and producing, according to 
Mr. Bo1•lnn's notes, 1,500,000 eggs. A greater success would have re-
sultecl if there had ueen a reguar fishery established at this point. 
We soon ascertained that there was not much prospect of procuring 
shad for transfer westward, and took the next train for Albany, N. Y. 
S. Mis. 74--28 
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We arrived at Castleton, N. Y., ten miles below Albany, on the aft~r. 
noon of the 13th. The shad-hatching station of the New York commis-
sioners is situated on the Hudson River nearly opposite this plac.e, a 
few miles above Coeyman's Landing. Taking a boat, we crossed to 
Camp Green, arid met a hearty reception from l\Ir. Monroe A. Green, 
to whose efficient management the responsibilities of this successful 
establishment are delegated by the superintendent, Seth Green. 
The force to whom continual eniployment is afforded during the shad 
season is six or seven men at the fishery and five to seven men in the 
direct work of the hatching-station. 
There were one hundred and twenty-two boxes, containing about _two 
millions of eggs and young shad, anchored in a quiet channel of the 
river between an island and the west shore. Four boxes of young eels, 
(Anguilla bostoniensis,) of about 4 inches length, gathered from the river, 
were retained for transfer to distant waters, a large number having 
been provided the unfortunate California aquarium car. 
They were at present obtaining from five·to twenty spawners per day, 
and bad taken the first spawner of the season the 25th of May, though 
they had been on the ground several days. The water on the 25th had 
a temperature of 56°; on to-day it was 78°. 
Questioning Mr. Green for some exact data for results from his own 
personal knowledge in the improvement in the num hers of sh~d in the 
river, the following facts were developed: The first year spawners were 
scarce, and even fewer the succeeding years until the fourth year, when 
they began to feel the benefit of their own work in the
0
marked increase 
of fish, and the spawners their special desideratum. Double the num-
ber of hatching-boxes were required for the accommodation of the in-
creased quantity of ova. He remarked that, taking the standard now 
used in estimating the number of eggs, the correct estimate of the num-
ber hatched the first _year would be about 7,000,000, 
11.-JOURNA.L OF A TRIP WITH SHAD AND EELS TO C.A.L UMET RIVER, 
ILLINOIS. 
At 6 p. m. the same evening the young fish were put into the cans; 
six: fifty-quart cans, containing 70,000 shad, and one can containing 
4,000 eels, with a reserve-can for fresh water, were put into a boat and car-
ried across to Oastleton, to be shipped upon a train passing at 9.12 p. m. 
On arriving at the east bank of the river the cans of fish remained 
at the water's edge until about half an hour before the train arrived, 
when one pailful, 12 quarts, of fresh water was afforded each can ; the 
temperature of the river-water being 75°, and the air rather cooler. 
The point determined upon for this first" planting" of shad iu the 
Great Lakes was the Calumet Ui ver of Illinois, at South Chicago, on 
I Lake Shore and Michigan Southern Rail way. 
The cans were put into the baggage-car of the passenger-train, Mr. 
1.ison remaining with them until their arrival in Albany, at 9.40 p. m., 
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where they were put out and moved upon a truck to the penstock at the 
depot baggage-room, to await the 1.45 a. m. train, which afforded the 
best connections through to Chicago. 
The temperature in the cans was 70°, and in the fresh water from the 
penstock 68"..l, Fresh water was supplied each can twice while waiting 
between the trains, about twelve quarts each time. 
The cans were put into the baggage-car, Mr. Mason in charge of 
them, and fresh water was again afforded them from the reserve-can at 
about 4 a. m. At 5.15 a. m. t,he reserve-can was filled at Utica, and fresh 
water again supplied before reaching Syracuse, at 7 a. m. After leav-
ing Syracuse, a partial change of water was afforded and fresh water 
again taken on board at Port Byron at 8.10 a. m. 
The thermometer indicating 64° in cans, and the reserve-can showing 
a temperature of 60°, fresh water was again supplied, and at Palmyra,. 
at 9.20 a. m., the reserve-can filled with water from t,he well at the de-
pot, having a temperature of 50°. This, more than ten degrees of differ'"" 
ence, necessitated the moderating of the cold in the well water, which 
was readily done by taking about four quarts of it in a pail and drawing 
off water from the can to be supplied until the pail was full, when it was 
emptied iuto the can. Seven or eight of the eels were found dead in, 
the bottom of the can. 
At Rochester met Seth Green at the depot and received profitable 
suggestions from him with reference to the transfer of young fish. 
At Batavia, at 11.35 a. m., the reserve-can was filled from the faucet 
in the <.lining-room, the water of the reserve-can being as low as 54o, 
and of the cans 64°. Water moderated before using it. 
The water from the reserve-can being again exhausted, at 1 p. m. it. 
was refilled from the penstock, at the east end of the depot, in Buffalo,. 
The temperature of the water was 6G0 , and the :fish-cans 64°. The cans. 
were transferred to the baggage-car of the Lake Shore and Michigan: 
Southern passenger-train. 
After leaving Bt1ffdilo the fish-cans were again replenished, and at· 
Dunkirk, ,it 2.10 p. m., nearly two hours after reaching Buffalo, the sup. 
ply was replenished and a partial change affurded the cans. 
At Erie, Penns_ylvania, at 4.15 p. m., fresh water was again obtained 
and furnished the cans; the temperature remaining at 540, 
At Girard, Pa., 4.43 p. m., again filled the reserve-can. The bottoms 
of the caus were examined for dead shad, and a very few found. 
Before reaching Cleveland, Ohio, 4.43 p. rn., fresh water was supplied, 
and at Cleveland a can of fresh water brought on board. 
The water in the short interval of two hours had become sufficiently 
exhausted of the respiratory ga,ses to dis:::iatisfy the eels, and, very un-
fislllike, they were determined to get oLit of it and find something better. 
On taking off the cover they were found in large numbers adhering to 
the neck of the can, entirely above the water, and worming their way 
up its vertical surface, just as they are frequently seen, while small, at 
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a dam or waterfall that obstructs their passage up a stream. They per-
sisted in clambering out o( the can, and were with the greatest difficulty, 
driven back by repeated washings down with dippersful of water 
until it was freshened sufficiently to be agreeable to them, when they 
settled to the bottom and remained there. A. few got out on to the 
floor of the car, and of course quickly perished. Water was also afford-
ed t.o the young shad. . 
At Elyria, at 8.45 p. m., the reserve-can was supplied. The watier 
from the well had a temperature of 54°. 
At Sandusky. 10 p. m., changed the water_ partially, taking only a, 
pailful from the well at the east end of the depot, as the train-men 
regarded it as poor water. 
At Port Clinton, 10.28 p. m., examined fish and found them in lively 
condition .. 
At Toledo, a,t 11.45 p. m., we did not use the water from the artesian. 
well, as it had a strong mineral flavor. 
Mr. Mason took charge of fish the latter part of the night, obtaining 
water at Edgerton, Indiana, 2.0! a. m. He drew the water all away 
from the eels, finding about one hundred and fifty dead ones. Fresh 
water was supplied them again. It was evident they required more fre-
quent changes than the shad, or a less number of eels to the quantity 
of water. 
At Laporte, Ind., at 6.05 a. m., the can was refilled for the last time, fresh 
water having been supplied, about twelve quarts at a time, to each can 
sixteen times~ the eels having had a larger supply· at the time of 
refilling the can. 
At 7.30 a. m. of the 15th we reached South Chicago, and Ool. James H. 
Bowen, kindly responding to a telegram from Palmyra, was at the 
depot with a hand-car, and a boat on the river near by. The shad hav-
ing been conveyed to this boat were moved up the river for some dis-
tance and consigned to the waters in the middle of the river, where no 
small fish were found to attack them. The young fish were found in 
vigorous condition, the number of dead ones being very small, and 
they swam around in the vicinity of the boat very actively and with no 
appearance of injury from their journey in the cans. 
TheeelEJ seemed to evince alnclicrous state of elation at their escape from 
the cans, and showed similar indications of enjoyment of their freedom to 
what may be seeu among a dock of lambs let loose into a pasture from 
confinement in a pen. They made sudden darts for short distances, 
ancl turned right aud left, twisting and wriggling until ever_ybod,y was 
laughing at their funny antics. A number of them persisted in fo11ow-
jng the boat as it moved slowly along while we were turning the young 
shad from the cans into the stream. · 
At Colonel Bowen's soggestion, one can of shad was retained to be • 
mo,, ,I up the river some seven miles, in bis little steamer, in the after-
noon, .Mr. Mason remaining to take charge of it and see the fl.sh safely 
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placed in the water, which was accomplished; Gov. J. L. Beveridge, of 
Illinois, being the gnest of Colonel Bowen at the time, and witnessing 
the planting. A dozen or more of eels were carried to Chicago for 
exhibition, and some days later were placed by Dr. Walter L. Haines 
in one of the ponds at Lincoln Park. 
The cans were returned by express to Castleton, and the same after-
noon we were on our way back to the hatching-station on the Hudson 
for a new supply of fish, to be put into the waters of Wisconsin. 
12.-SIIIPMENT OF SHAD .AND EELS 1.'0 THE FOX RIVER, WISCONSIN. 
We arrived at Castleton on the 17th, and the same evening left again 
for the Fox River of Wisconsin with about 70,000 shad and 4,000 eels, 
and we again left by the 9.12 p. m. train. 
At B,1,tavia we were delayed a long time by the burning of a baggage-
car ; and again, on the Lake Shore and Michigan Southern Road, the 
train was obliged, because of a defective bridge, to take the longer 
route between Toledo and Chicago via Adrian, so that we reached the 
latter city one hour too late for the train of the North western Road that 
should take us to our destination, Appleton, Wis. 
The cans were moved to the North western depot, and a. convenient 
supply of excellent water from the hydrant afforded for use during the 
day; Mr. Mason, with his usu.al fidelity, caring· for them. 
A small can was procured at a tin -shop and about 200 eels put into it 
to be moved to Big Dead River, at Waukegan, lll. This task was 
accomplished by the kindness of Mr. William H. Fay, of that city. 
At 9 p. m. of the U)th the fish were again on the way to their destina-
tion, and at 10 a. rn. of the 20th they were put into the .Fox River, Mr. 
Reid, of the Appleton Post, accompanying us to the point on the river 
where they were put in. From the long delay there were a larger num-
ber found dead in the bottoms of the cans than at the former shipment, 
though not enough to make any apparent impression in tbeir numbers 
when looking in at the mouths of the cans. There were probably less 
than 2,000 dead ones, or a little less than 3 per cent. of the whole num-
ber. The fish bad been in the cans just sixty-fl ve hours, standing still 
about eleven hours, and, though the amount of splashing that will ben-
efit larger fish is an injury to shad, still it was made quite evident dur-
ing our experience that even youni shad do better while exposed to the 
motion of the cars, if managed so that it affect them slightly, than when 
standing perfectly still. It will be advisable, under similar ·circum-
stances, to have them put into a wagon and kept in motion during the 
delay. 
13.-SHIPMENT OF SHAD TO ASHTABULA RIVER, OHIO. 
The same evening we again took the return route to Castleton, arriv-
ing on the 23d. Your telegram calling me to New York City, l\Ir, Ma-
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son was provided with about 50,000 shad for the Ashtabula River, Ohio, 
leaving on the same evening, while I took the train in the other direction. 
Returning to Oamp Green, Mr. Welsher had arrived, and was informed 
of the purposed shipment to California, which he was to accompany as 
far as Omaha, Neb. 
Mr. Mason returned on the 25th, having put the fish, in good order, 
into the Ashtabula River on the 24th; Mr. Toombs, express-agent at 
that point, having afforded him assistance in moving the shad to the 
river. 
In the evening Mr. Livingston Stone, with two assistants, arrived, and 
also Mr. George H. Jerome, commissioner of :fisheries for the State 
of Michigan, desiring to take back a supply of young shad for his 
State. Mr. Stone was supplied with cans, tubes, siphons, and pails, and 
left the same evening for the Sacramento River with 40,000 shad, Mr. 
W elsber accompanying him as far as Omaha. 
The supply of young fish at the batching-station bad begun to fall 
short, lmt few shad being taken at the fishery, and indications were 
numerousthatthe season was drawing to aclose. Our claim for a supply of 
shad for another shipment was waived in favor of Mr. Jerome, who got 
away on the 26th with about seventy thousand shad for the waters of 
Michigan. 
14.-SHIPMENT OF SHAD TO '.l'HE W ~ASH RIVER, INDIANA. 
On the evening of the 28th Mr. Mason and I started for Logansporiit 
Ind., with four cans of shad, about forty thousand. The weather was 
very warm, and we made use of a small quantity of ice in our reserve-
cans whenever the temperature of the water was above 67°. 
We arrived at Logansport at 8.50 a. m. of the 30th. Messrs. Bryer 
and Hunt of the Logansport Journal generously interested themselves in 
the work of moving the fish to the river, and Colonel Bringhurst, with a 
knowledge of'the character of the waters in the vicinity, selected a locality 
in Eel Rh·er, a large tributary of the Wabash, into which the young shad 
were put, in fine condition, and with scarcely any dean ones. 
We started for Castleton early in the evening, and arrived on July 2 to find 
the station abandoned and the boxes and apparatus stored away until 
another year. The sea.son, as anticipated, bad closed. 
Arranging unsettled matters, and providing for the storage of some 
surplus apparatus, we left the same evening for South Hadley Falls 
Mass., Mr. Mason and Mr. Welsher joining me in Albany. ' 
At South Hadley Fans found Mr. 0. C. Smith superintending the 
hatching-station for the Connecticut fl.sh-commission. He bad some 
~,·enty boxes in operation, with eggs and shad in various stages of 
development, and was taking from twenty to ninety spawners nightty, 
affording large quantities of ova. 
Mr. W elsber bad been sick during the trip, and, feeling worse, returned 
home to Rochester, N. Y. 
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15.-SHIPMENT OF SH.AD TO THE W.A.Tl~RS OF LAKE CHAMPLAIN, 
VERMONT. 
On the evening of the 4th, with six cans, containing a much larger 
mun ber of fish than in previous shipments, about one hundred thousand, 
we started for Burlington, Vt., intending to place the fish in the 
Winooski RiYer. The weather being very warm we made free use of ice. 
vVe arrived in Burlington at 7 p. m. of the 5th, and, accompanied by 
Mr. U. S. White and a gentleman connected with the Burlington Free 
Press and Times, we drove to the river and put in the shad, in very 
fine condition, the loss being hardly apparent. 
During 1872 a quantity of shad were planted at Whitehall, N. Y., tbe 
head of Lake Champlain, under the direction of Seth Green, and a 
quantity pnt in at the dock by Dr. M. 0. Edmonds, commissioner for 
the State of Vermont. This season at the mouth of the Winooski, and 
at the shore of the lake at Burlington, a number of unmistakable shad 
five or six inches. in length, had been taken; a son of Mr. H. S. White, 
in one instance, compelling their return to the waters. 
We returned to South Hadley Falls~ arriving on the 6th, (Sunday,) 
and remained at Holyoke, Mass., until the next day. 
16.-SJIII>MENT OF SHAD TO THE ROUS.A.TONIC RIVER, CONNECTICUT. 
In response to a telegram to Dr. W. M. Hudson, commissioner for the 
State of Connecticut, proposing to move fish to the waters of the State, 
the reply was received: "Take as many as convenient to New Milford, 
on the Housatonic." 
On the 8th we started with 90,000 shad and arrived at New Milford in 
the aftemoon, putting the fish in the Honsatonic River with scarcely 
any loss. Although the people of the vicinity were wide awake to the 
fishing interests, and appreciated perfectly the value of stocking the 
waters with valuable fishes, their enthusiasm was very much checked 
by the· con<lition of a fish-way in the dam at Birmingham, lower 
down the ri_ver, which was represented as in no ,particular constructed 
according to the mo<lels in use for this purpose, and was of no value 
whatever for the passage of fish. 
,ve started back the same afternoon, arriving at the hatching-station 
the morning of the 9th. In the afternoon we witnessed the sport of taking 
shad with a fly-hook*. A citizen of Holyoke, Mr.1'homas Ohalmers, bas 
made this line of hook-fishing quite popn]ar on the Connecticut by his 
successes; on this evening we saw him take eleven full-grown shad. 
The tackle used is a trout or salmon roil, with a reel containing one 
hundred or more feet of line, and a small hook (about No. 6) with a 
brown fly. A peacock bo<ly, long, turkey-feather wings, and light-
brown hackel is the fly in common use. Two persons in a boat select a 
spot where the current is quite rapid, and anchor the boat and let their 
* A prevalent impression that this is a new sport will be corrected by referring to 
page 181 of Frank Forrester's Fish and Fishing, &c., by Wm. Henry Herbert, 1850. 
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flies trail down stream, with about·6o feet of line out, the whirl of the 
current keeping the fly in play at the surface. The first pull of the shad 
will bend the pole into a circle, and its we~k mouth necessitates the 
most skillfnl play and management to get it near the boat, where it is 
usually taken in with a dip-net. · 
A singuiar point to fish from was the high bridge, some 40 fe •t above 
the water. A number of men and boys were always to be found in the 
evening withlonghanct-lines traiJing down stream over the bridge-railing. 
When a shad took the hook he was carefully drawn in until he was 
landed on one of the small islands beneath the bridge, and allowed t.-0 
rem~in there until life was nearly extinct, when he was drawn up on 
the bridge. Of course many more were lost this way than when fishing 
from the boat. 
17.-SHIPMENT OF SHAD TO THE PENOBSCOT RIVER, MAINE. 
On the 10th we started for the Penobscot River, Maine, with 100,000 
young shad. While waiting at Portland some four hours between 
trains, Mr. Mason went over to tbe bay and hrought a pail of sea-water. 
About two dozen of the shad were taken from a can· and put directly 
into the salt-water and were allowed to remain in it over two hours, at 
the end of that time they were all apparently in as healthy and lively 
condition as when taken from the fresh water, neither the salt nor the 
difference in specific gravity affecting them in the least. If this exper-
iment should prove successful for a longer period of time, it would make 
the transportation of shad across the ocean a comparatively easy task. 
And it would be well worth while for some .fish-culturist situated con-
veniently to the sea-coast to experiment on other species of young 
:ft.Abes, as, if successful, it would simplify the carriage of fish on long 
voyages very much. 
From Bangor, Mr. E. M. Stilwell, commissioner for the State of 
Maine, accompanied us to Mattawamkeag, fl.ft.y-eight miles above Ban-
gor, on the Penobscot River, at the junction of the Mattawamkeag 
River, where the young fl.sh were consigned to the waters, in good con-
dition, at 1 a. m. of the 11th. 
18.-EST.A.BLISHMENT OF STATION ON THE ANDROSCOGGIN RIVER, MAINE, 
On the 14th we arrived in Topsham, Me., with the purpose in view 
of establishing a he.oohing-station on the Androscoggin River, and the 
same evening employed a party of men to haul the seine about two 
miles below the dam. 
A hatching-box was hnrriedly made up from n, soap-box and a piece 
of millioet, but the result of the fishing disappointed us, as only eight 
spent shad were obtained, all of them with the abdomen shrunken 
and slender, indicating that'the Apawning season was o,,.er with them. 
The next night, the 15th, four hauls were made, resulting in eight 
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spent shad, males and females, and it was decided to abandon the 
attempt for t ,e season. 
U,,-SECOND SIUP}IENT OF SHAD TO THE W A.TERS OF LA.KE CHAM-
PLAIN, VERMON1'. 
On the 18th, receh-ing a favorable answer from South Hadley Falls 
in reply to the inquiry whether young shad were still to be bad, we 
returned to that point on the 19th, and the same evening started for 
Vergennes, Vt., with 100,000 shad, to be put into Otter Creek, a river 
emptying· into La1rn Champlain, seven miles below the town. Dr. Hop-
kins, a resident, afforded us assistance in conveying the cans to the 
rh·er and in finding a proper place for turning them free in the waters, 
which was done early on the morning of the 20th, there being scarcely 
any loss in tlie cans. 
Remaining in Vergennes during Sunday, we returned to the hatching-
station on the 21st, and found that we should have to wait until the 
next evening to obtain a supply of fish, which we intended to take_ 
through to Micliigan. 
2O.-SHIPMENT OF SHAD TO THE DETROIT A.ND GRA.ND RIVERS, MICH-
IGAN. 
On the afternoon of the 22d, with 100,000 shad in the cans, we started 
for Detroit. At Toledo, Ohio, we were obliged to wait over about nine 
hours, and arrived in Detroit on the 24th. Mr. George Clark, of Ecorse, 
one of the State fish -commissioners, joined us before reaching Detroit, 
and with bis advice about 20,000 sha.d were put into the Detroit River, 
near the Detroit and Milwaukee Railway depot, and the remaining 
80,000 carried to Ionia, Mich., where they were put into the Grand 
River about midnight of the 24th, being in vigorous condition, and with 
but a small per:centage of loss. 
Mr. J. Mason returned home from Detroit, as this was the last shipment 
of shad for the season. I desire to refer to him as a man o·f marked 
fidelity and conscientious faithfulness to the work allotted him. To his 
continned attention and skillful judgment in the care of the young fish 
is due the success of the transfers just recorded, and though the lack of 
the least failure in the different shipments referred to might lead the 
inexperienced to think it an easy task, there are many who have at-
tempted the work this season who would acknowledge that it was 
anxious, toilsome, wearying work, resulting in failure and loss after 
every effort possible was made to prevent it. 
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Tabl,e of distribution of shad and eels. 
Shad.hatching stations. Rivers planted. Eels. Shad. -
UNITED STATES COMMISSION, 
Pot.omac River, Washington, D. C ..• ••. Greenbrier River, Ronceverte, W. Va ..• .. . ......... 50,000 
New River, Central Station, Va ........ . 40,000 
Delaware River, Lambertsville, N. J ,. Monongahela River, Greens burgh, Pa ... 15,000 
?,"EW YORK STATE COJ\IMISSION, 
Hudson River, Coeymans, N. Y .•••.•••. Calumet River, South Chicago, Ill .•••••• 4,000 70,000 
Fox River, Appleton, Wis ....•....•••.•• 3,800 70,000 
Big Dead River, Wauke§an, Ill ..•.•..••. 200 
Ashtabula River, Ashta ula, Ohio .••••.. 50,000 
Wabash River, Lolfansport, Ind ............ 40,000 
Jordan River, .Tor an, Utah Ter . . ~ •••.•. 5,000 
Sacramento River, Tehama, Cal .••••••.. ...... ,,. .. 35,000 
CO?,"NECTICUT STATE COMMISSION, 
Connecticut River, South Hadley Falls, Winooski River, Burlington, Vt ..... ~ •. ............. 100,000 
Mass. Housatonic River, New Milford, Conn ... 90,000 
Penobscot River, Mattawamkeag, Me .•. 100,000 
Otter Creek, Vergennes, Vt ...•••.••••••. 100,000 
Detroit River, Detroit, Mich ..••.••.••••. 20,000 
Grand River, Ionia, Mich .•.•••..••••.•.. 80,000 ---
Total. .............................. 8,000 865,000 
21.-MODE OF ESTIMATING NUMBERS OF EGGS AND FISH. 
The estimation of the numbers of shad-eggs and of the young fry is a 
rather difficult matter to accomplish satisfactorily or with even approxi-
mate definiteness. The standard made use of on the Connecticut River 
is, without doubt, very much too high. Mr. C. C,. Smith, who is a most faith-
ful and successful breeder, has adopted the exaggerated estimates of his 
predecessors, and in the earlier years of bis work, when the restoration 
of the shad by artificial propagation was an experiment, the contraction 
of the round numbers that had appeared in the reports of previous years 
might have discouraged the people and the legislators, and the support 
that was so necessary to this initiation of the work might have been with-
drawn. But now that the experiment has proven itself so thoroughly 
and evidently a success, and the river is again teeming with shad, it 
makes very little difference to the citizens of the State whether it has 
been accomplished by placing 10,000,000 or 90,000,000 of young shad in 
the waters, and a system of measurements and counts should be carried 
out so that some more definite knowledge of the number of eggs handled 
may be attained. One of the commissioners of the State, in 1870, feel-
ing dissa.tisfted with the estimates afforded, attempted to fnduce more 
careful modes of numbering the eggs and fish, and in the following year 
succeeded in having them modified to a certain extent. The numbers 
of fish we carried in the six cans were, by these standards, millions, 
while the most careful means of numbering we could employ did not 
place them over from twelve to twenty thousand to the can. 
In estimating the numbers of fish in the cans, we bad, as our sole reli-
ance for accnra.cy, only their apparent thickness in the water, which, 
af~r considerable experience, afforded an approximate estimate within 
a margin of a few thousands of the real number. 
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Seth Green's instructions to his men were, to fall within the whole 
number of fisli rather than to exaggerate the quantities. The numbers 
they were in the habit of estimating in the cans, taken from the boxes, 
would not account for the number of eggs impregnated and placed in 
the boxes, and for which much more accurate means of numbering were 
available than for the young fishes. 
It was determined, while at tlie hatching-establishment on the Connec-
ticut River, to attempt to obtain a more definite knowledge of the num-
bers of fish we were planting in different rivers. 
To do this, dippers full of fish were taken, having the shad about 
as thick in the water as we hacl been accustomed to carry them 
in the cans. These were carefully counted, and, knowing the number of 
dippers full that were put into a can, we found we bad been calculating 
about 35 per cent. (probably rather more than this) short of the actual 
number carried. 
As it is scarcely practicable to ladle out the shad-eggs into the batch-
ing·-boxes, a very good mode would be to have lines either graved or 
painted around the insides of the impregnating pans, and their distance 
from the bottom would show approximately the number of eggs, if this 
should be determined in the first place by weighing the quantities that 
would fill the pan to the lines, and counting a definite fraction of the 
weight. 
An overestimate in any locality, of course, pla.ces more accurate esti-
mates in other regions in unfair comparison, and, too, the more ex-
actly and correctly we understand the extent of the means necessary to 
produce the results required, the more definite our knowledge and the 
greater precision in the directif)n of the efforts to be used. 
,Judging from the report8 of State commissioners and the general 
literature of pisciculture, there is a well-understood need for some defi-
niteness and uniformity of standard in estimating eggs and young fishes 
among practical workers; and it would employ the time of some one 
interested to good advantage if he would devise methods for this pur-
pose sufficiently practicable to receive the approval of others of the 
profession. The occasional discrepancies that are discovered in pub-
lished statements, between the sums of the number of eggs received 
and the mun ber of young fishes produced from them, indicates the 
great need there is in this direction. 
22.-TIIE CARE OF YOUNG SHAD DURING TRANSPORTATION. 
(22a.) The apparatus.-The apparatus used in the transfer of the :fish we 
had obtained in ·washington, modeled after that seen in Seth Green's 
establishment near Rochester, N. Y. It consisted of the articles described 
as follow!!;: 
The cans were large fifty-quart milk-cans, made in the best manner, 
from the strongest material used by the manufacturers; the principal 
44:4 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 
necessity in their model is the shoulder arched in toward the neck 
of the can; this, when the water fills the can quitenp to the neok, has the 
tendency to confine, or, as I have heard it termed, "to bind" the water 
and prevent the violent splashing that a large area of surface would 
be subject to, and that would be of great injury to the delicate young fish. 
A piece of rubber-hose about twice the length of the can to be used 
as a siphon when drawin,g down· the water in the cans of fish prepara-
tory to replenishing them with fresh water. 
A tin tube the length of a can and about two inches in diameter, 
one foot of the lower portion being made of perforated tin, is to be 
used with the siphon, the tube hanging from a hook, soldered to its 
npper end, to the mouth of the can and the rubber-siphon being put 
down inside of the tube draws the water from within it, the perforated 
tin preventing the y~ung shad from being drawn through, though the 
water has easy access. 
The rubber-tube should not be more than three-fourths of an inch in 
diameter, as a larger siphon would .create too strong a current through 
the perforations, and lodge and injure the young fish against the sides 
of the tube., For the same reason it will be seen that an attachment 
of perforated tin· tube to the bottom of the rubber-pipe, thongh a 
simpler instrument for the purpose would be injurious, as a much less 
current is created through the orifices in the large area of a tnbe of 
wide diameter than one having a small one. · 
A couple of tin pails for carrying away the stale water and obtaining 
fresh water from pumps and hydrants, a thermometer to observe tem• 
peratures of the water on the fish, and a tin dipper, completes the simple 
apparatus required for the successful transfer of young shad. 
(22b.) The care<>/ the ftsk.-Tbe care of fish while transporting them is 
an essential part of the art of fl.sh-culture, and often requires more skiU 
and judgment than the propagation of young fish. 
The shad are perhaps the most delicate and most liable to loss of any 
fl.sh handll~l in this country. Many who have been successful "ith salmon 
and trout have failed entirely when attempting to transfer shad even for 
short distances. Still, their proper care and· treatment is a very simple 
matter. The first essential is continual attention. For any long dis-
tance there sho11ld be two persons in attendance, relieving each other at 
intervals of several hours; and on no account, no matter how flattering 
the conditions of the young fish may be, should they both lie down to 
sleep at the same time. 
From 12,000 to 24,000 are safe numbers for a ftfty-qnart can when 
carried from ten hours to three days, if good water can be afforded as 
often as once in two hours. For a trip to California, occupying from 
six to eight days and with several days without a supply of fresh water, 
5,000 to the can would probably be as many as it would be advisable to 
earry. 
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Experience only will enal,le one to judge from their appearance in the 
water as to the nnmbers that have been put into a can. 
The principal means for sustaining life and vigor in the fish is afford-
ing them supplies of fresh water. :Minute as they are their gills are 
developed and their breathing exhausts the respiratory gases from the 
water more or less rapidly according to the numbers in the can. Even 
the ova, it has l)een proven by experiment, utilizes a small portion of 
oxygen from the air. 
A resenre-can is required for every five or six cans of fish, which should 
be filled with water at the stations, generally where the locomotive takes 
wood or water or where meals are afforded, the attendants remembering 
to fill the can first and eat the meal afterward. .A pailful or two may 
often be obtained at minor stations. 
The tube is put into the can, hanging by the hook from the top so as 
not to roll about and l,ruise the young fishes, and one end of the rubber-
pipe inserted in the tube. Apply the mouth to the other end of the 
hose and Ruck until it has filled with water; the end is to be at once 
lowered intt> a pail, when the water will run freely until the pail is full. 
This water is to be thrown out at the door of the car and the same 
quantity of fresh water replaced from the reserYe-can, :filling a dipper 
and lowering- it to the surface of the water in the fish-can before it is 
emptied, until sufficient has been afforded. 
An examination of tlrn bottom of tlie cans for dead fish can be made 
by t,ving the rnbher-hose to the end of a piece of lath, and then, while 
guiding the end of the hose by means of the lath around the bottom of 
the can~ start the water rnnning, and dead fish and sett.lings at the bot-
tom of the can can be drawn off into a pail. On a long journey, of five 
days or more, the shad may be transferred frow one of the fish-cans 
by means of the siphon to the extra one, and the can be scoured clean 
from 81i111e anti sediment, aud the fish from another can being emptied 
into it by the same means this can in turn be cleansed, and so on through-
out them all. 
In moving the cans from car to car or into a wagon, care must be 
taken that they are carried upright, as the least spilling of the water 
through the cr1:1vice around the cover, if e.xamined, will be fouud to con-
tain yonng 8had. A spring-wagon shoul1l be used, if possible, in moving 
them by this kirul of conveyance, as thl"'I jolting of a common wagon will 
he fou1l(l to Hplasb the water much more than a railroad-car, unless -
driven vpry slowly. 
(2~c.) Water adapted to young fish.-TrHt~ made in k~eping young fish 
in difl'l•r<>11t waters prove that but little dauger is incurred in U:si11g it 
from any sonrce wliere it is elean, of not too high or low a temperature, 
a111l free from decayed matter. The clear wat,er frum springs an1l wells, 
tliong·h 11t>:-u·l.v destitute of living form~, answNs the very l)pst pnrpm:;e 
in canyi11g· Hhatl. Clear river-watpr full of minute forms of ]ife is per-
bapi;i prelt'.t·~ hie for fisli after the yolk-:,;,wkH disappear. Seth Green, 
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when carrying through the first shipment of shad to California, found 
them on the sixth and seventh da.vs out looking for foo<l, and folt satis-
fied from their actions that they found it· in the water supplied them 
from the rivers after passing the region of impure waters. 
Mineral waters may inspire fe.ar, and it is perhaps prema.ture to advise 
their use, but that they are not all injurious has been proven by several 
tests made this season. While at Toledo, Ohio, the water of the arte-
sian well at the depot, clear and cold, .bat having a strong mine.rat 
flavor, thought to be sulphur, was avoided for use in the cans·, but a 
couple of quarts ~ere put into a vessel and about two dozen shad put 
into it about midnight, and remained in most perfect condition up to 8 
o'clock in the morning, when they were put into the Maumee River. 
At Castalia, Ohio, at the paper-mill of Mr. John Hoyt, speckled trout 
are batched and raised successfully in water from a spring so heavily 
charged with calcareous matter that the tufa incrusts everything falling 
into its waters. Prof. ,J. Lang Cassels, of Cleveland, found that out of 
ninety-two grains of solid matter to the gallon there was of carbonate 
of Ume 58.86 grains, and of carbonate of magnesia 10.632 graio_s. 
Seth Green, in his trip with shad in 1871, found water from Omaha 
westward for four hundred miles unfavorable to the shad, and in some 
of it the young fish died within five minutes from the time they were 
put into the vessel containing it. 
All mineral-waters should be used cautiously and tests made with 
small quantities of water before they are used on the fish in the cans. 
While at Portland, Me., this season, two dozen shad were remoV'ed 
directly from fresh water and were kept in a few quarts of sea-wa.ter for 
two hours without the least apparent injury from the salt or the greater 
specific gravity. · 
There are some who assert that roily water has no objections for use 
with young shad. If there were no other objection the anxiety as to 
the condition of the fish, which it is almost impossible to ascertain in 
muddy water, is a sufficient one. Besides, the silt or sand is liable to 
trouble the movement of the gills, and the attrition upon the delicate 
membranes of the embryo fish, while the water is agitated in the rail• 
road-car, must do some injury to them. And the experience of this 
season's work has been that the large percentages of losses in the cans 
have been when roily water bad been used at some locality while en 
route, and of course indicating that a longer use of it would have re-
sulted disastrously. When it is neces~ary to use muddy water, as soon 
afterward as clear water can be procured, the largest change practica 
ble had better be afforded the cans. 
The water from railroad-tanks, though avoided dnring this season's 
shipments, was, perhaps, rejected through a somewhat unfounded pre-
judice. Where few locomotives are supplied, the wd.ter may become 
warm, stagnant, and tainted from decaying wood, but when the tank is 
frequently replenished with fresh water no such objection can arise, 
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ancl the water is, without doubt, nearly a~ goocl as if taken directly 
from its source. 
Un the few occasions when we have been obliged to obtain the water 
from the tank in the tend.er, it was found clear and pure, and with no 
indications of oil or grease, and it is probable it would always be 
found. so. 
(22d.) Temperatu,re of the 'Water in the cans.-The temperature of the 
water which the fish are in is also an essential point in their welfare. 
A too low temperature produces lethargy an<l torpidity in the young 
shad, which, if suffered too long, occasions death. 
The young shad suffer in low temperatures in which the Salmonidce 
tluive well. By experiment it has been proven that between 65° and 
720 the shad are found to be in the best condition. The springs of the 
lake region have from 4G0 to 50'.:l of temperattire, the deeper wells from 
5:1° to 60°, and the streams from near the freezing-point, in winter, to 
85°, perhaps more, in hot st1mmer-,veather. 
Where there is six or more degrees difference in the water of the 
reserve-can and of that on the fishes, the temperature of the fresh 
water should be moderated before using it. This is readily done by 
preserving a portion of the stale water drawn from the fish, which can 
be aerated l>y repeated pouring from the dipper, the pail is then filled np 
from the fresh water, and according to the prop0rtions used the tem-
perature can l>e raised before supplying the can containing fi5h. · 
A temperature higher than 80° is dangerous, as the fish become weak, 
the supply of respiratory gases in the water is much less, and the 
fish very soon <lie. In hot weather the use of ice is necessary where 
water from wells or springs cannot be obtained. The ice should 
be applied. in the reserve-can, and not in the cans with the fishes, as in 
knocking about on the surface it kills many of them, an<l if in the 
splashings of the water any are lo<lged on top of the ice they soon die. 
Caution must be taken in using ice in the fresh water, not to put in suffi-
cient to re<luce the temperature below the proper standard. 
(2~e.) Tran.iferring the shad from the cans to the river.-On arriving 
at the river the first necessity is to determine that the tempera-
tures of the cans and the • stream are so nearly equal as not to 
endanger the fish when consigned to their new home. If there is five 
or more degrees <lifference, it can l>e rea<lily equalizeu by drawing a 
quantity of water from the cans anu filling them up again with the 
riYer-water. 
The locality for planting should be chosen so that the fish will not be 
too soon carried into the whirl of a rapid. current, but may recruit for a 
time from their fatigue, and, possibly, their hunger, before being obliged 
to struggle witli swift running water. 
Another very important matter is to avoiu schools of minnows or 
other small fishes, who will congregate at the spot in large numbers 
an<l demur a large proportion of the fish that have cost a large amount 
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of pains and labor to be conveyed to the spot. The middle portion of 
the stream or inlet is generally the freest from the smaller fry. 
When the locality is selected, the temperature equalized, and a boat 
provided·, there i& nothing more to do than to lift a can over the side of 
the boat, dropping it upon its side into the water, and while the boat is 
leisurely pulled up stream the young fish are allowed to slowly escape 
from the can. Scattering them along a considerable distance is thougJit 
to be the ·· best for them, as tlley make Jess attraction for predator.y 
:fishes when widely distributed than when concentrated in a large 
school, and, as they are probably not gregarious while so young, they 
are not likely to collect together immediately. 
(22f.) Facilities required from the railroads.-The necessities and con-
veniences required in, the transporting of young shad are peculiar, and 
different from all other freightage. Fish-eggs, when properly packedt 
are shipped with safety without an attendant, requiring only that the 
express-messenger follow tha few instructions lettered on the outside 
of the can or box. Young trout and salmon are oceasionally shipped 
short distances in the same way, the water having been reduced to a low 
temperature, so that the l'espiratory action is lessened and frequent 
changes of water are not required. 
The shad are found to withstand co1;t.fi.nement in a small quantity of 
water with much less endurance than other species that have !Jeen ex• 
perimented with. There is very little tenacity of life in the mature fish 
when removed from the water, ~nd attempts to preserve male fishes for 
"milters" from one seine-haul to another, have been failures, even 
where they were confined in an inclosnre through which the water of 
the river circulated. A temperature sufficiently low to retard respira .. 
tion does not work to ad vantage with the shad, and experimenting 
with reference to favorable temperatures has proven that a range 
between about 62° and 78° is the only one suited to their welfare, 
while 65° and 720 are bette1· limits. Frequent changes of water are 
required, necessitating hurrjed visits to purnp8 and hydrants when the 
train stops, and it is sometimes necessary to procure and use ice; so 
that it will be seen that experienced attention is required and too much 
time occ11pied in the care of the fl.sh to pe;mit the work to be given into 
the luuuls of messengers usually having sufficient to occupy their time 
in their regular duties. 
The amount of room afforded, the facility for getting out and in, and 
the less rigid enforcement of regulations as to access to the car, to say 
nothing of the liberality frequently extended in passing the freight · 
without <~harge, makes the baggage-ear the only suitable place for the 
transporb•tion ot' shad, or for any species of flz,4hes for long distances. 
The i11convenie11ce of carrying large cans of' water in the car becanse 
of th~ tdo1>pi11g, will probably 1mg2"est ittw.lf to some, but experience has 
pr-1 1 11 ha l ith a little care there iM no necP.sMity whatever of wetting 
tl1 • l•1 • ,,m of the car, even aromid the tlpot where the cam~ are placed. 
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The necessities in the work depending on the accommodations afforded 
from the railroads. are access to the baggage-car and opportunities to 
obtain water from wells, hydrants, tanks, and the tender. In all these 
particulars the most generous spirit has been manifested by both man-
agers and emplo.yes. 
23.-POSSIBILI'l'Y OF STOCKING 1.'HE GREA1.1 LAKES WITH SHAD. 
The stocking of fresh waters with fish from the sea, or of those who 
spend a portion of their lives in the sea, will perhaps be questioned by 
many as an uncertain experiment and likely to end in failure. 
The conditions found in their natural homes of which the shad may 
avail thcmselrns may be enumerated as follows: Streams of the right 
volume of fresh water and the right temperature, to ascend in the 
spring season to deposit their spawn, aud in which the young shad will 
find a favorable home until they are the proper age to descend to the 
sea; a great body of water of unlimited volume on the bottom of which 
tile small forms of Crustacea, the Ganimaridw, and Mysidm, small 
shrimp-like animals, are found abundantly, affording an ample sup-
ply of food during the greater part of the year, as but very little is 
ever found in their stomachs when they are up the streams in the 
spawning season. Another condition of this great body of water is 
that it is salt. 
In all these particulars but the latter the lakes answer every de-
mand. There are streams suitable for spawning localities; there is an 
unlimited range of clear, cool waters; the dredgings on the bottom at 
all deptlls llave proven these same crustaceans of the Gammaridce and 
JJ{ysidw to be abundant, and except in the one particular of the salt-
ness of the sea every requisite condition of their natural home is 
afforded them. The only point to be tested in the experiment is whether 
this is an essential requirement in their existence. 
Several species of white-fish found in the Arctic Seas live indiffer-
ently in salt and fresh waters, and the Ooregonus omul, as related by 
Pallas, sends off large detachments from its schools in the spawning 
season from the sea up the long series of streams and lakes that find 
their head in the great Lake Baikal, where the schools find a permanent 
home, never returning to the sea. 
The eel, brook-trout, striped-bass, and several other species on the 
eastern coasts, live indifferently in the sea and fresh waters.* 
It is not probable that all fishes which spend their entire lives in the 
sea could. become accustomed or acclimated to fresh waters. Still, among 
these it would not be unlikely to find a few having strong tenacity of 
"Giintbcr says, in referring to Gobiid&, that'' This family offers numerous instances of 
the fact that a part of the individuals of one and the same species are entirely con-
fined to fresh waters, whilst others live in the sea."-Cat. Acanth. Fishes, cfc., vol. 3, p. 
1, by D1·. Albert Giinther. 
S. Mis. 7 4--29 
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life that would endure the change of condition without detriment to 
their health and vigor, provided their proper fooli was supplied them. 
But it is the habit of those most desirable to transfer, to spend 
a portion of each year in fresh water, and it is difficult to find the 
reason why if the salt-water is not essential to them part of the year 
it should be during the remainder. · The absence of their proper food in 
the streams they ascend would seem to be the principal necessity for 
their return to the sea. . 
Experiments in planting salt-water :fislles in fresh waters have been 
made heretofore with success. The striped-bass of the Atlantic waters 
has been kept for a number of years in inland ponds. Rudolf Hessel, 
a fish-culturist of Europe, informed. me that he had put a number of 
flounders in Lake Constance, of Switzerland, several years ago, and 
that fishermen occasionally found them in their nets at the present day. 
The transfer of shad to the lakes was not, however, an entirely new 
e~periment. Seth Green, when moving shad .to the Pacific coast in 1871, 
made small plants at Cleveland, Toledo, and Chicago, and the same 
year put 5,000 shad into the Genesee River, of New York State. 
At Toledo, Ohio, last fall, the firms of Bowes & Howell and Davis, 
Brother & Beatty reported having had unmistakable shad in their ware 
houses during the season. These were undoubtedly from Mr. Green's 
planting. At the Genesee River many shad were taken in the nets of 
the fishermen developed from the young of the planting of 1871. In 
the latter case they might possibly descend to the brackish waters of the 
Saint Lawrence, but in the former they must necessarily have spent the 
whole of the intervening year and a half i.n fresh water. 
The finding of the yearling shad in Lake Champlain has been referred 
to on another page. Two plan tings were made in 1872 at Salamanca, N. 
Y., in the Alleghany River, and one at Indianapolis, Ind., in the White 
River. At Terre Haute, Ind., this season, young shad were taken from 
the Wabash River that had strayed thus far from the place where they 
bad been consigned to the waters of the Ohio Valley. 
All these facts afforded s~fficient hope of success to warrant a large 
planting of shad as an experiment in the lakes. · 
24.-POPULARITY OF THE WORK OF THE COMMISSION. 
In continual conversation with those I have met a uniform approba-
tion and satisfaction has been expressed that an effort was being made 
to restore the stock of food-fishes in the waters of the country and from 
citizens of those States we have not been able to benefit this ;eason, the 
desire was expressed that their claims should be regarded as early in 
the future as possible. The general awakening all over the country to 
the interest of food-fisheries is indicated by the numerous bills ·passed in 
the legislature.a in late years. 
Of the States bordering on the lakes, Vermont, New York, Penn-
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sylvania, Ohio, Michigan, ,visconsin, and Minnesota have appointed 
commissioners and made appropriations for propagation, while Indiana 
and Illinois have passed protective laws as to the obstruction of the 
passage of fish in the rivers. 
The State of Michigan has erected a large hatching-house, and 
will propagate the white-fish of the lakes on a large scale. The j udi-
cious management of the New York State commissioners has made 
their work very efficient, and people from all quarters of the State have 
visited the hatching-house and carried back thousands of yonng fish, 
without charge, to stock the waters in. the vicinity of tlleir homes, some 
half-dozen species of food-fishes being afforded in quantities to all who 
applied. 
A Yery general and strong interest was exhibited on the southern 
riYers at the attempt to hatch shad, which made very little success, be-
cause of the great reduction of numbers in these waters and the conse-
quent lack of spawuers. The promises to endeavor to supply their 
rivers with a new seed-stock from more northern rivers was met with 
earnest iuterest and satisfaction. 
• 
XX.-NOTES ON THE NATURAL HISTORY OF THE SHAD AND 
ALEWIFE. 
A-NOTES ON THE SHAD AS OBSERVED AT BEAUFORT 
HARBOR, NORTH CAROLINA, AND V:ICINITY. 
BY H. c. YARROW, M. D. 
Beaufort Harbor is situated on the coast of North Carolina, about 
:fifteen miles southwest from Cape Lookout. It communicates with 
Pamlico Sound to the northward through Cove Sound, and with the 
Atlantic Ocean by Beaufort Inlet, Onslow Bay, and a number of small 
inlets from Onslow Sound. The accompanying map will, perhaps, show 
its position better than a mere description. From its peculiar position 
and surroundings, having a great number of outlets, we might sup-
pose it a favorite resort for fish of all kinds, which is indeed the case, as 
the locality is a noted one. 
Atnong the fish visiting the shallow waters of this bay not the 
least in importance is the shad, (Alosa prwstabilis, De Kay,) so well 
known as an important item of food both South and North. From 
the fact that the only fresh-water river leading from this body of 
water is small and short, we should not expect to find the shad 
as numerous as in more favorable localities. Indeed, the general 
impression among fishermen seems to be that as the schools of fish 
gradually work their way North early in the spring, searching for 
their faV"orite breeding-grounds, stragglers become separated from the 
main bodies, and are from thi~ circumstance taken near Beaufort. 
However well grounded this belief may be, recent careful observation 
will hardly bear it out, as it is now thought by observers who have 
given much attention to the subject, that the :fish, after leaving their 
breeding-grounds simply swim into de_ep water, not a very great dis-
tance from the mouths of their respective rivers, remaining there until 
the sexual instinct again impels them to re-enter. Of course, those shad 
hatched in the Newport ltiver, the one mentioned, would also return. 
From the limited yield of the shad-fisheries at this place, I can hardly 
consider it at present a favorable breeding-ground, although it is stated 
that in former years the catch was much greater. If the fishermen's 
theory above named is correct in regard to stragglers, it may be pqs-
sible that the few shad who enter, finding circumstances unfavorable 
for breeding, remain but a short time, going out to sea again soon after 
entering. I may here mention that the facts given below in regard to 
thi · fish are compiled from my notes taken while on duty at this point, 
ancl from the experience of a large number of fishermen with whom I 
ha converse<l. 
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The first shad taken near Beaufort appear about the 25th of De-
cember, an<l from this time nntil the latter part of May tliey are taken 
in more or less numbers, increasing generally towar<l the latter part 
of the season, altliough for some years past the largest catches have been 
in March. 
As already stated, the number of fish captured is not very great, 
being abont one-fiftieth, as compar~d to the so-called herring, (Pomo-
lobus pseudoharengus;) but in making this comparison it must be 
remembered tliat this is not a good ground for the fish mentioned, 
nor is fishing for the herring systematically carried on to anything 
Jike the same degree it is in the waters of the Neuse River, not 
many miles distant. According to many observers, shad formerly were 
Yery numerous in this region, and have probably decreased 30 or 
40 per cent., the reason for this diminution being, in the opinion of the 
:fisliermen, tbe filling up of Beaufort Inlet. In view of the fact that 
there still remaius 14 or 15 feet of water in the channel, which is appa-
rently sufficient to admit large schools of fish, I hardly think much 
credit can attach to the statement, unless some other causes oper-
ate to prevent the entrance of the fish. It may be as t,he channel has 
changed, forming shoals in some instances at right angles with the 
8liore, the fish eitlier coming up from the south or from the ocean, strik-
ing the shoals, are deflected off toward deep water, and thus pass the 
inlet. As the cause mentioned has greatly interfered with the mullet-
fishing at tliis point, it may also have done the same with regard to other 
fish. ' 
Shad taken near Beaufort, though generally small, frequently reach 
a length of 18 inches, such a fish weighing from 4 to 6 pounds, but the 
a,·erage length of those taken wiU not exceed 15 inches, the avera.ge 
weight from 3 to 4 pounds. It is supposed that about three years 
are required for a shad to attain its full growtll, but in the absence 
of reliable and positive data this statemeut is given for what it 
is worth. Vvith regard to difference of shape and rate of growth 
between the male and female, the latter is supposed to grow rather 
faRter a11<l is always tlie largest, having a broader back and more pro-
tuberant belly. 
The different modes of entrance of these fish are through the 
different inlets iuto the sounds of this part of tlie coast, and 
their moYements in entering and leaving are entirely similar to 
tliose of the so-called herring or alewife. It is a mooted ques-
tion as to the winter-residence of the shad, some inclining to the 
belief that they remain in the warm waters of the. Gu1f of Mexico, 
while others believe that they run out to the deeper wat~rs of the 
ocean. The latter theory will probably prove t,he correct one. The 
first appearance of shad at Beaufort Harbor, as has already been 
mentioned, occurs about Oliristmas, and from this time they are 
only sca~tering, until l\Iarch, when the larger runs take place, but as 
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the runs become larger there is no incr.ease in the_ size of the 
fish except the female; from this time the runs decrease, the fish 
leaving gradually, the same as they entered. So far as known the.shad 
invariably appear each succeeding year, but there is a very marked ir-
regularity of number and size, the last arrival~ being nearly always the 
fo.rgest. On entering the inlets both sexes appear to he about equal in 
numbers, the ovaries of the females being about 3 inches long. Upon 
the entrance of these fish their presence is indicated b; their swim~ 
ming near the surface of the water, producing a ripple, the gatherinf 
near !)f birds, and lastly, their capture in the herring-nets. In com-
mon with very many other fish, they invariably run in with the tide, 
going out with its ebb,-and these movements I believe to be invaria-
ble. As the female shad is not far advanced toward spawning 
01_1 entering the sounds, it is but seldom the spawn is seen run-
ning from them when captured in. nets, more especially as few are 
captured when. the eggs are near maturity. It is believed this fish 
is strictly anadromous, that is, it regularI.r returns from the sea 
to the fresh-water rivers for spawning, and from its first appearance off 
the coast about December 1, it would seem that the sexual instinct, 
which impels it to visit fresh water, is strongest a short period anterior 
to this time, providing that the theory be true of their wintering in the 
deep waters of the ocean. At this time their rate of progression is esti-
mated at about eight miles per hour. In regard to their stay in fresh 
water, i~is probably not later than the last of May, as after t-his time but 
few are seen. At the locality under discussion, though quite a common 
notion, not at all likely to prove true, it is said no spent shad have ever 
been taken, and that but few ever live to get back to the sea, not so 
much on account of their feebleness after spawning, but on account of 
their being nearly all captured. As to the habits at this time, no dif-
ference has been observed in the sexes. In coming in the breeding• 
grounds, all aged fish are probably seen together, although many per-
sons state that yearlings do not herd with older fish, and in fact remain 
in rivers for over a year after hatching, although as yet it has been 
deemed almost impossible to determine accurately their ages. The 
mo~t favored ·1ocalities by these fish are in deep water, with a fair run-
ning current, although for spawning they prefer shallow, sandy ground, 
where the water is warm, not over 16 to 20 feet deep. After spawning 
shad no longer keep together in schools, but scatter and make their 
way from the breeding-grounds singly or a few together. This state-
ment, though not positively proven, is believed to be correct. 
yi th regard to friends and enemies among other flsh, they appP-ar to 
! u~. · few of either, though herring and rock-flsh are frequently found 
in their company. They neither prey upon or suffer from the attacks 
,t" other fish, their priJicipal food appearing to be sought in small 
•·h 11 1• and grave), and is probably small crustacea, and perhaps 
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algm, as I have noticed a. greenish substance in their stomachs; the 
amonnt i8 donbtless small, as the stomachs are nearly always found 
empty. The only interference in spawning is caused by traps and nets 
and unnsnal floods of water which wash gravel over the spawn, thereby 
destroying it. . 
It is stated, and generally belie-ved by fishermen and others, that shad 
begin to breed when one :,ear old, and are able to breed for one year 
only; this statement cannot, I believe, be considered as reliable, as Mr. 
Milner has found in the ovaries of spent shad the undeveloped eggs of 
succeeding seasons. During the spawning-season no well-marked 
cha,ng-e of appearance has beeu noticed, except the larger belly of the 
female, and a greater brilliancy of general coloration. The act of 
spawning seriously affects the shad in different ways; it produces 
emaciation and weakness not only in the female, but male fish, 
and deteriorates their flesh, rendering it flabby and tasteless; these 
results are due not ouly to the propagation act, but to the amount 
of physical energy necessariiy expended in reaching the head-waters 
of rivers, their favorite spawning-grounds. In the act of spawn-
ing the males and females appear to run indiscriminately together, 
al though Mr .. Lyman, of Massachusetts, has seen them at this time 
paired, and it is bnt seldom the water is seen colored with the milt of 
the male. The most favorable temperature for hatching is warm, t.he 
eggs being laid near the surface of the water. Tbe size of the individ-
ual egg is larger tlrnn that of the pseudo herring, and from 100,000 to 
150,000 is the number estimated for each female. The eggs when 
spawned sink to the bottom, and are not attached to sterns or gravel 
floating freely in the currents; no nest of any kind being built by either 
male or female, nor do they watch the eggs until batched, which 
event takes place late in the ·season, probably June or July .. Tile time 
re<]_uire1l for· lrntching depends mainly on the temperature of the water, 
from seventy hours to six days being required. Of the total number of 
eggs laid, it is estimated by fishermen that probably one-tenth are 
hatchell; this I believe to be a large estimate, and of the young reach-
ing m:1,turity, not more than one-fifth survive. From evidence received, 
it is believed a much smaller number are hatched, but a larger portion 
reach maturity. 
The rate of growth is said to be about 4 or 5 inches per annum; but 
this statement has not been confirmed by personal observation. After 
hatching, the young fish receive no care from either parent, and suffer 
greatly from the attacks of other fish. In fact, there appears to be 
no pnrental instinct whatever, as sltad are known to ha-ve devoured 
their own eggs. It is but seldom the young fish are seen ~fter hatching, 
or if seen, are not recognized in the waters near Beaufort, although ob. 
serve(l in other streams. They appear to live on similar food to their 
parents. 
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No steps, thus far, have been taken by the authorities of North 
Carolina t-0 increase the abundance of this fish by artificial breed-
ing, although a few public-spirited gentlemen of New Berne, N. C., 
are trying to influence local legislation with a view to this laudable 
object.* Legislation upon the subject of preserving the fish-supply has 
received its full share of attention in the southern seaboard States, but 
the law is practically a dead lettPr. 
No disease has ·ever been noticed prevailing as an epidemic, nor do 
parasites as a rule infest shad; although occasionally sea-lice are found 
hanging near the gills. 
The only two methods of capturing shad in phis locality are with draw 
and gill-nets; the former being from 150 to 500 yards.long, 8 to 16 feet 
deep, with a mesh of 2½ inches; the latter, 25 yards loug, 12 feet deep, 
with a 3-inch mesh. Although, undoubtedly, shad will bite at a hook 
in some of the northern rivers, the experiment has never been properly 
tried at Beaafort, to .my knowledge. The average day's catch, in a fair 
season, for 200 yards of net is about 30 fish, but frequently is much less. 
The most favorable time of tide for fishing is low water,just at the time 
the fish are moving least.· 
The disposition made of this fish is as follows: but a small por-
tion of the catch is eaten on the spot, as they command high prices, 
and it pays the fisherman better to dispose of them in the inland 
towns. Probably three-fourths are thus disposed of. It is considered 
the best food-fish that swims, and is eagerly sought for by all classes of 
people in its fresh state, smoked, and salted. In warm weather, although 
the flesh is fine and hard, after six hours decomposition rapidly ensues, 
rendering it unfit for food. Shad have always commanded at this point 
high prices, having been sold for $1.50 per pair, wholesale, although the 
average price is about 50 cents. These rates are a little higher than be-
fore the war. The supply of shad is so small about Beaufort that none 
are exported, the principal market being New Berne, N. C., audit is but 
seldom that fishermen feel justified in ma.king any extensive prepara-
tions for its capture, most of those secure<l being found. in the so-call43d 
berling-nets. 
In view of the facts given above, I would hardly feel justified in 
recommeudin~ that any means should be ta.ken to increase this fish in 
Beaufort Harbor, its inlets, and sounds; the geographical and natural 
ad vantages not being such as would justity either the expense or trouble, 
more particularly as the Neuse, which is not far distant, and communi-
cates with the Newport River, has already been well stocked. 
FORT MAOON, 
Beaufort Harbor, Nort/1, Oarolina1 December 5, 1871. 
•Since the above was writt.en the Unit.ed States Fish Commissioner, Professor Baird, 
baa thoroughly investigated Lhe subject of the shad-supply of the southern rivers, and 
in 1873 placed in these waters a large number of young shad, hatched at New Bernt,, 
- . '., l. Seth Green. 
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B-~OTES ON THE SHAD, .AS OBSERVED IN THE DELA-
W .ARE RIVER. 
BY J. H. SLACK, M. D. 
1.-THE IMPORTANCE OF THE SHAD AS A FOOD-FISH. 
Among the fishes of the eastern coast of North America the shad 
stands pre-eminent. l1'rom South Carolina to the Bay of Fnndy they 
are found in every river, and the number annually captured must amount 
to many millions; the catch in the Delaware River alone, during the 
season of 1872, being at least two and a half millions. 
2.-THE DECREASE IN THE DELAWARE. 
The catch in the same river, however, varies greatly from year to 
;year, and the reason for tliis is most probably as follows: Repeated ex-
periments have shown t!!at three years are required to mature the female 
fish, though the young males, called offal-fishes and rebel-shad, return 
duriug the second season. A heavy freshet during the period of spawn-
i11g may bring down upon the spawn torrents of liquid mud, smothering 
the ova and destroying the life of the embryo fhihes. Tlie results of this 
wil1 not be apparent until the third season. Unfortunately full and ac-
curate sta,tistics for a series of years are wanting, save in the case of one 
fishery, that of Dr. B. P. Howell, of Woodbury, New Jersey. This fish-
e1·y has been in the possession of one family since prior to the year 1700, 
and a carefnl record of each haul of tlie seine has been kept. From 
this record it would appear that until the introduction of the gi1l~nets, 
1820-'25, the catch averaged about 130,000 per annum. 
Not to enter into detailecl statements, but dividing the period between 
1818 and 1873 into four cycles, each of which may be taken as represen-
tative of the intervening period, we have: 
Average catch, 1818 to 1822, 131,000 per aunum. 
Average catch, 1845 to 1849, G6,8D0 per annum. 
Average catch, 1865 to 186D, 60,73D per annum. 
Average catch, 1870 to 1873, less than 25,000 per annum. 
The season of 1873 did not pay expenses. But not only have these 
fishes decreased in numbers, but also in size. In 1843 shad of seven 
and eight pounds weight were by no means uncommon, and the average 
run was between five and five and a half pounds. Now in the Delaware 
River a four-ponnd fish is a euriosity. A catch is recorded as having 
been made near Burlington, New Jer.sey, in 1843, of three hundred and 
seventeen shad, averaging over six pounds each. Forty shad then filled 
a pork-barrel, mackerel-barrels not being in use. Over a hundred of 
the present deteriorated fishes are now required for this purpose. 
3.-THE CA USES OF DECREASE. 
The cause of this is evident. The size of net-mesh in the river 
has been greatly reduced; only the smaller fishes can pass up the river 
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to their spawning-grounds, and from these puny parents nought but 
small puny offspring ~an be propagated. 
The cause of decrease in the number of fishes taken can, I think, be 
placed under the fol~owing heads : 
1. Erection of insur!nountable dams: 2. Destruction of young fry: 
3. Destruction of -seed-fl.shes: 4. Destruction of spawn. 
(3 a:) Erection of dams.-The erection of an insurmountable dam, cut-
ting off parent :fish from their wonted spawning-grounds, has been fre• 
quently followed by the total disappearance of the :fishes from even the 
lower reaches of th~ riv~r. A notable example of this took place upon 
the erection of the dam at Fairmount, Philadelphia. Before this large 
numbers of shad were taken in the reach of the river between the falls 
and its month. In a few years they had utterly vanished. 
I am aware that it is the general belief that the :fishes were drh?en 
away by the coal-tar thrown into the river from the city gas-works, but 
careful investigation bas shown that shad-fishing was extinct several 
years previous to the construction of the gas-works. 
A fish-way, capable of carrying shad, has long been a desideratum, 
Great hopes are entertained of the capabilities of that recently erected 
by Mr. Brackett at ~olyoke, but the matter is still but an experiment. 
Shad are taken in large numbers directly below the La~kawaxen Dam 
upon the Delaware; but few, if any, ascend beyond this point. How-
ever, in this case there are ample spawning-grounds belo.w. Should any 
of the new plans for fish-ways now before the public prove a success the 
removal of tbes~ impediments is but a work of time. 
(3 b.) Destruction of fry.-Few persons have any idea of the immense 
quantity of young fishes destroyed on their way to the sea. In our more 
northern rivers, with which I am best acquainted, the number devoured 
by carnivorous fishes is enormous. In 1870 a large number of young 
rock-fl.shes were examined, and in every case young shad were found in 
their stomachs. From one fl.sh, eighteen inches in length, seven young 
shad were taken. 
Fish-baskets destroy millions. In 1871 I made a careful and thorough 
examination ot' the upper water.a of the Delaware River, for the purpose 
of investigating this point. The facts elucidated were astounding. It 
was ascertained that a scoop-shovel, with which to shovel out the dead 
young shad which accumulated in the basket, was an important part of 
the fishermen's equipment. One proprietor acknowledged that as much 
as a two-horse load of dead young shad bad been shoveled from bis bas-
ket during a single day. I am happy to state that through the active 
exertions of the fl.sh-police these engines of destruction have entirely dis~ 
appeared from the River Delaware, and I believe also from the Susque-
hanna, though they Ktill abound in the more southern streams. The 
good effect of their destruction in the Delaware is already shown by the · 
tact that the number of yonng shad seen descending that river during 
the past autumn has been far greater than ever previously noticed. Wing-
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dams and water-power sluices, by carrying the young fishes into turbine-
wheels and feeders of canals, carrying them into locks, where, as. a wit-
ness remarked, they are churned to death by the rush of waters against 
the flood-gates, also contribute to destroy the fry. , 
(3 c.) Destruction of seed-fi.~hes.-Under the name .seed-fishes I would 
·nclnde parent sbad dnring the season of actual spawning; in the latitude 
of 41 o, it would be from Jnne 10 to August 1. The capture of the parent 
fishes is, in most of our Northern States, strictly forbidden by law during 
this period, and the fisher111en themselves are the most ardent advocates 
for its strict enforcement. The organization of a fish police in New Jersey 
has prevented any infraction of this law, even were the fishermen so dis-
posed. • 
(3 d.) Destruction of inipregnated ova.-As has been previously men-
tioned, a flood, by covering the ova with mud, may stifle them and pre-
vent their incubation, but other and equally great dangers surround 
them. The number eaten by other fishes is enormous. I have fished· 
m_uch in the Delaware during the month of July, the height of the 
spawning season, and almost every sucker. minnow or cat-fish taken was 
found to contain shad spawn. I ha\'e seen suckers literally crammed 
with ova, so much so in fact, that upon holding them by the tail the 
spawn would flow from the mouth. The spawn of shad are peculiarily 
liable to depredations from these fishes, as, unlike the bass, sun-fish, and 
cat-fish, the nest, if nest jt may be called, is not protected by the parents. 
By a special law of the State of New Jersey no net of any kind is al-
lowed to be drawn in the Delaware River between June 15 and August 
20, it being believed by the commissioners of fisheries of that State that 
the drawing of the heavy lead line of the net over the gravel-beds upon 
which the ova is deposited would destroy the vitality of the spawn. 
The great increase in the number of small fishes during the past few 
years has proven the truth of this theory. Seth Green has stated that 
in nature not two per cent. of shad-spawn will hatch, and this is proYen 
by the comr>aratively small number of fishes in our waters in proportion 
to the irnrnense numbers of ova annually deposited. The number of 
spawn deposited by a shad will average about forty thousand. Allowing 
but 1 h of one per cent. to return from the sea as adult fishes, and sup-
posmg the parent fh,hes to be entirely removed, the number of fishes in 
the river would be yearly doubled. Now, in fact, we know that they 
have been for some years past yearly diminishing, so that less than 2 h 
of one per cent. return as food-fishes. 
4.-HAilITS OF SHAD IN '.l'HE SP AWNING SEASON. 
Tbongh var,yiug somewhat from year to year, the average date of the 
appeantnce of the shad in our waters is as follows, as far as I have been 
able to ascertain : 
South Carolina, January; Norfolk, February; New York and New 
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Jersey,* March; Boston, early in April; Bay of Fundy, late in April 
or May. · 
It is the opinion of many fish-culturists that shad never spawn in 
tide-water. This, I think, is an error. Shad, so ripe that it was impossi-
ble to handle them ever so gently without causing a flow of spawn, have 
been repeatedly taken more than a hundred miles below the head of 
tide-water, and at Moll's Fishery on the Hudson, where millions of shad-
spawn are annually taken, the tide ebbs and flows. Prom observatiolll 
made by me at Camp Baird during tb.e summer of 1873, it would appea_r 
that the ripe females with their attendant males feeling the time of 
spawning approaching, lurk during the day in the deepest portions of 
tb.e river. A\ night, between an hour after sunset and midnight, they 
move into shallow waters, and, though for ·the proper incubation of the 
spawn clean gravel has been regarded as absolutely necessary, most 
ripe shad are taken upon bottoms thickly covered with aquatic plants. 
At Mull's Fishery so great is this growth of vegetation as to sometimes 
put a stop to the operations of the :fishermen. 
Tb.e noise of the splashes made by the fishes in the act of emitt.ing the 
spawn and milt are the best guides for the fish-culturist in selecting a 
proper locality for a fish-camp, and the most favorable locations I have 
met with are on flats co\-ered with aquatic vegetation in the immediate 
vicinity of deep reaches of the river. The splash, or wash of the shad, 
as it is termed by the fishermen, is apparently but a single sound, yet a 
carefully-trained ear can frequently distinguish two sounds, the second 
foJlowing instantaneously that of the first, being made by the male in 
the act of emitting the milt. 
My attention was called to this second sound after observing the pro-
cess of impregnation of the spawn of the gold-fish in a pond at.my estab-
lishment at. Troutdale. The male and female fl.shes swim side by side, 
the male generally upon the left with his bead on a line with the dorsal 
fin of the female. Suddenly, on passing near a clump of' aq11atic plants, 
the female makes a leap out of water, throwing the whole body in the 
air, ancl scattering her spawn over the plants; she is immediately fol-
lowed by the male, ejecting milt, So rapidl;y is this done that even 
while watching the process it is difficult at all times to distinguish more 
than one sound. Having frequently observed this, it occurred to me 
that the dpawning of the shad might be similar, and observation bas 
confirmed this impression. 
The practical details and journals of my work having been presented 
in my previous report, I have, in the present paper, only given you my 
theories. 
* First shad taken in the Delaware Bay in 1874, February 10, an unprecedentedly 
early fish. 
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C-THE SHAD AND GASPEREAU OR ALEWIFE OF NEW 
BRUNSWICK AND NOV A SCOTIA. 
BY CHARLES LANMAN. 
1.-'.l'HE SHAD. 
Tile shad of America, like the common herring, having been found to 
differ materially from the shad of Europe, has received a distinct name; 
the designation given by Wilson, and adopted by Dr. Storer, (Alosa sapi-
dissima,) is here followed. Unlike most fish which frequent the nor~hern 
seas, this species comes from the south to deposit its spawn. . 
At Charleston shad appear in January; at Norfolk in February; on 
the coast of New York at the latter end of March or beginning of April; 
at Boston in the latter part of April. In the Bay of Fundy they seldom 
appear until tlle middle of May. The first fish which arrive ascend the 
river Saint. John to spawn; it is believed that they remain in the fresh 
water no longer than is necessary to deposit their ova, and then proceed 
up the Bay of Fundy to their favorite feeding-grounds, there to fatten 
upon the shrimp and" shad-worm" until they attain that degree of ex-
cellence which renders them so mach sought after. The other shad, 
wllich are found in the autumn upon the same feeding-grounds, and in 
which uo roe has yet been seen, are probably fish that have not attained 
a sufficient age for spawning, as those which ascend the river for that 
purpose are of large size and apparently old fish. The body of this fish 
is deep and compressed; its length varies from one to two feet. The 
width across the· body, from the commencement of the dorsal-fin to the 
anal, is nearly equal to one-fifth the length of the fish. The usual weight 
of this fish is from one to four pounds, although it sometimes attains the 
weight of six pounds. 
Of the sea-shad, none are so fine as those taken at the head of the 
Bay of I?undy, in the muddy waters of which they attain the highest 
perfection, owing to the great abundance there of their favorite food, 
the" shad-worm" and the shrimp. The shad is but rarely seen on the 
Atlantic coast of Nova Scotia. Ii is found in the Gulf of Saint Lawrence, 
the various rivers of which it ascends as far north as the Miramichi, 
which seems to be its limit in that direction, none having been seen in 
the bay of Chaleur. 
The shad enters the Miramichi in the lattel' part of May, and remains 
until the middle of July; occasionally it ascends the Southwest as far 
as Boiestown, but the greatest numbers are found below the mouth of 
Etienne':-, River, always resting in deep, qniet water. The shad which 
frequent the gulf are greatly inferior to those taken in the Bay of Fundy. 
The shad which ascend the Saint John resort for spawning to Dar-
liug'~ Lake, (Kennebecasis,) Douglas Lake, (Nerepis,) the Washade-
moac Lake, the Ocnabog Lake, the Grand Lake, and the Oromocto 
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River. They are caught in the Saint John, near Fredericton, but not 
above, the water being too rapid. The shad taken in the fresh water 
are very inferior to those which remain exclusively in the salt water of 
the bay, and the longer they are in the river the more worthless they 
become. 
2.-'.J;HE GASPEREAU, OR ALEWIFE. 
The alewife appears in great quantities in the Chesapeake in March ; 
at New York it appears with the shad. The earliest :fish appear in the 
harbor of Saint John in April, but the main body does not enter the 
river before the 10th of May. It would, therefore, appear that the ale-
wife also comes from the south, like the common shad, to deposit its 
spawn in northern'rivers~ 
The usual length of this species of shad, which is best known in New 
Brunswick and Nova Scotia by the name of gaspereau, is from 8 to 10 
inches; the back a blue-green, approaching to purple; sides, silvery. 
The head, dark green above, and the tip of the lower jaw of the same 
color; opercles, yellow. 
In the Bay of Fundy this :fish is abundant; in the Gulf of Saint Law-
rence it is less plentiful and of much smaller size; in the bay of Ohaleur 
it has not yet been noticed, and, like the shad, the bay of Miramichi 
would seem to be its extreme limit north. · 
The catch of gaspereau in the harbor of Saint John varies from 12,000 
to 16,000 barrels each season, and sometimes reaches 20,000 barrels. It 
ascends the Saint John to the same localities as the shad, in order to 
deposit its spawn. In the Miramichi it ascends to the source, and 
spawns iu the Miramichi Lake. 
APPENDIX D. 
FISH-CULTURE. 
( THE HISTORY, THEORY, AND PRACTICE 
OF FISH-CULTURE.) 

XXL-THE HISTORY OF FISH-CUL'rURE. 
A-THE HISTORY OF FISH-CULTURE IN EUROPE FROM ITS 
, EARLIER RECORDS TO 1854.* 
' BY JULES HAIME. 
Fisheries have often been called the agriculture of the waters, as if 
seas, lakes, and rivers were inexhaustible store-houses of food, wh_ere, 
without fear of ever impoverishing th~m, man might continue to take 
and destroy forever, bounded only by his wa\}tS and desires.. This defi-
nition is false, because founded on a false view of the case. Fishery is 
not theagricultureofthewaters; it is only the harvesting. The waters are 
a source of production extremely powerful, but by no means infinite; 
and that the harvest may be always certain and abundant, it should be 
prepared by regular sowiug, if it is true, .according to the ~xpression 
of M. de Quatrefages, that fish may be multiplied by sowing in the same 
manner as grain. 
This would appear unnecessary pains, if we were to consider only the 
very great fecundity of almost all the aquatic tribes. A perch of moderate 
size contains 28,320 eggs, and a herring 36,960. 
Thomas HarmertandC.F. Lund+ haveobtained, byuntirjng researches, 
still higher numbers from other species, e.·g., 80,388 and 272,160 for the 
pike; 100,360 for the sole; 71,820 and 113,840 for the roach; 137,800 
for the bream ; 383,250 for the tench ; 546,680 for the mackerel. A carp 
w~ighing 3 kilograms (66 pounds) contained, according to Petit, 
342,140 eggs. A :flounder has given the enormous figure of 1,357,400. 
There have been counted in a sturgeon as many as 7,635,200, and Leeuwen-
hoek has found 9,344,000 in a codfish. Finally, M. Valenciennes § has just 
r w.11"61 · - · ~., 
*In the Revue des Deux Mondes, June 15, 1854, Paris, waa pubhshed an article ciii 
Piscicnlture, by Jules Haime, a translation of which, by Mr. Gamaliel Bradford, 
appeared in the Rt,port of commissioners appointed under resolve of 1856, chapter 58, [ of 
the legislature of Massachusetts, l concerning the artificial propagation of fish, with 
other documents, Boston, 1857. · . 
As the most complete paper published on this portion.of the history of :fish-culture, 
and as a suitable introduction to the account of methods in use in the United States, it 
is here reproduced.-S. F. BAIRD. 
t Philosophical Transactions Royal Society of London, vol lvii, p. 280, 1768. 
t Memoirs of the Swedish Royal Association of Sciences, vol. xxiii, German ed., p. 192, 
1761. 
~ Valenciennes a.nu Fr6my. Researches on the compositi-0n of eggs in the series of· 
animals. Academy of sciences, March 20, 1854. 
S. Mis. 7 4-30 
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calculated that there are 9,000,000 in a turbot of 50 centimeters, (19½ 
inches,) and as many as 13,000,000 in a thick-lipped mullet. 
If only the tenth part of the germs .inclosed in the body of each fish 
arrived .at ruaturity, there must be little to fear from the devasta.tidl 
of our coasts, or the depopulation of our fresh waters ; but numerous 
causes of destruction tend ·to reduce considerably the multiplication thus 
richly provided for. These arise partly from natural causes, bQ.t in great 
part also from the act of man. We are to point them all out, if possi'bltt 
and weigh t,hem succes~ively before discussing the means of preventing 
their action, which will form the chief object of this article. 
In the first place, we must not· forget that, in the general harmonf of 
nature, aR Mr. Milne-Edwards has Justly remarked, the productiveness 
of animals is regulated with a view not only to the da1i:"gers to which the 
young are exposed before ariving at the age of reproduction themselves, 
but also to the uncertainty of fecundation of the eggs. It is well known 
that the immense majority of fishes are oviparous, and that the fecundatltm 
is effected by the operation of the male element upon the female element 
separate from the body of the animals, and in the midst of the waters 
where they live. This action is the condition necessary to the deveio:P, 
ment of the embryo, and all the eggs which'. have not experienced! the 
contact with the animalcules of the milt change and soon decay. Now, 
it is never the case that all the ·spawn receives this action, and from this 
cause alone a portion, more or less considerable, is always lost. The 
portion which remains ·is in turn exposed to a host of pernicious influ-
ences. It may be left dry by a decline in the level of the water, or spoiled 
by the slimy substances which a rise of the water always causes and car-
ries with it. The spawn has alse nume.rous enemies; many fish devour 
it, many cra.stacea, many insects attack it in like manner ; it may ·be 
carried off by sea-weeds and byssus, and almost all aquatic birds are 
very fond of it. 
All these chances of Q1ortality and destruction prevent the fish from 
increasing as fast as the great number of eggs would at first lead us to 
suppose, but they are still in a measure subject to the laws of the animal 
creation, and would seldom suffice for the depopulation of the waters, 
unless supported by causes of another nature. Among these should be 
mentioned, first of all, the inadequacy of the legislation on the fisheries, 
and the violation with impunity of all the ·protecting ordinances which 
it bas provided. 
At the end of the last century Duhamel pointed out the depredations 
of the fl.sbermen, who cast their lines, with impunity, at all seasons of 
the year, and daily suffer numbers of fishes, too small to be sold, to 
perish upon the banks. He saw, with natural indignation, the inhabit-
a11 . oft be coasts fill baskets with the spawn to manure their land or 
• i their swine. This culpable improvidence has still further increased, 
11 l \ · can :i I most say that, st the present time, all injuries are au tho. 
Zf. I a d all abuses are practiced without limit. In vain the best-
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grounded complaints are raised against the poachers upon fisheries: the 
devastations have continued on all sides. 
The necessity has been felt, however, for a long time, of taking 
repressive measures against the destruction of spa_wn, and the historians 
of fishery have collected numerous ordinances, which have been succes-
sively issued with this view at different times and in different countries. 
Without citing them all, it will be sufficient to recall those which have 
had the greatest influence upon the legislation of the present time. In 
the year 966, Ethelred II, king of. the Anglo-Saxons, interdicted the 
sale of young :fishes. Malcolm II, in 1030, fixed the time of the year 
when the salmon-fishery should be permitted. Several other kiugs of 
Scotland have confirmed these decrees. Under Robert I, the willows of 
the bow-nets were to be separated by at least two inches of interval, to 
leave a passage for the young fry. In'1400, Robert III carried severity 
so far as to punish capitally every person convicted of having taken a 
salmon· in the forbidden season. This cruel law was abolished by James 
I, but this prince kept up the interdict during the same season, and 
every infraction still remained the object of severe penalties. The kings 
of France were at great pains also to insure the free development of the 
young fishes. A great number of ordinances were issued by· ·them; to 
determine the nature of the nets of which the use should be permitted, 
and the length of the fisl>es which might be sold in the market-places. 
At lengh, in 1669, <;)olbert placed upon a new footing the legislation of 
the coasts and rivers. He prohibited river -fishing during the night 
and during the spawning-season, under penalty of a fine of twenty livres 
and a month's imprisonment· for the first offense, of a :fine double in 
amount and two months' imprisonment for• the second, and of the pil-
1ory and the scourge for the third.. The only exceptions were in the 
fisheries of salmon, shad, and lampreys. Colbert also prohibited the 
placing of basket-wcrk at the end of the drag-nets during the spawning. 
season, under penalty of twenty livres fine; andafter having determined 
the kinds of snares to be forbidden, he directed that the fishermen should 
return to the streams the trouts, carps, barbels, breams, and millers 
which tqey should take having less than six inches between the eye and 
the tail, and the tenches, perches, and mullets having less than five 
inches, under a penalty of one hundred livres fine. 
The legislation which governs us at present is based upon the pre-
vious dispositions; unfortunately, it has disregarded the information 
offered by natural history, and thus but imperfectly attains the object pro-
pos~d.- The regulations relative to marine-fishing permit, for example, 
the taking of a given fish on shores where it bas never been found, and 
give, for the limit of the crustacea, indications contrary to the most sim-
ple common sense. The code of river-fishing, which principally interests 
us here, is no better protected against criticism. The ordinance of 
November 15, 1830, supplementary to that of April 15, 1829, leaves to 
the prefect of each department the care of determining, with the advice 
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of the general council, and· after having" consulted the forest.et'', the 
times, seasons, and hours when :fishing shall be prohibited in the rivers 
aud water-courses. Now, how many times must the prefects, little 
skilled in natural science or ill-advised by those whose duty it is to 
enlighten them, have·committed errors like those of Colbert, when be 
interdicted trout-fishing from the first qf F.ebrnary to the middle of 
March, that is to say, an a time when they had nearly all already fin-
ished spawning! The same ordinance prohibits certain specified nets 
and snares, thas intimating that all others are authorized, and permi&. 
ting change~ of form an~ name in the first, w_ithout rendering them less 
formidable or destructive. Article 30 of the fishery-code punishes, with 
a fine of 20 to 50 francs, whoever shall catch, offer for sale, or sell fishes 
of less than the prescribed size, 
1
b_ut it excepts from this prov-is.ion sales 
of fish coming from ponds or reservoirs. It will at once be perce!v.ed 
how easy it is, throagh this exception, to catch and sell fishes of all 
sizes. Article 24 forbids the placing of any gate, structure, or' fishing-
establishment whatever, calculated to prevent entirely the passag6 of 
fish, but it taci~ly authorizes dikes and mill-dams, which produce the 
same effect. 
We will carry criticism no farther. It would be as easy for us to 
show that no efficacious measures insure the action of the fish-police, and 
that the law is as badlr executed as conceived. This ·state of things is 
deplorable, and has, without doubt, powerfully c_ontributed to bring on 
the decay which has fallen upon the aquatic industry of France.* 
Some figures, taken from the archives of the ministry of finance, will 
show clearly the importance of the evil. The water-courses of France 
have a total length of 197,255 kilom'eters, (122,500 miles.) Its lakes, 
reservotrs, and fish-ponds occupy a saperficies of ·220,000 hectares, (900 
square miles,1 Now, the rent of all the waters directed by the commis-
sioners of forests, and those of dikes and bridges, yields to the state a 
revenue of 660,000 francs. The former alone give fishing-privileges i'n 
7,570 kilometers (4,750 miles) of navigable and :floating water-courselt 
producing the annual sum of 521,395 francs; that is, an average of 69 
francs to the kilometer. The insignificance of this sum is very striking 
when compared with what it ought to be, or even with that still fur~ 
nished by some rivers more favored than others. Thus, the Doubs, in 
1 he Jura, is still let out at the rate of 159 francs the kilometer; the 
11 ·, in the <lepartment of La Meurthe, at the rate of 182 francs. 
For a similar length, the Loire brings in 252 francs in La Loire Infe-
11 has been farther increased by the encroachments of manufacturing inctus-
r ·, r ' ell by the proce8808 which they have involved. The mills throw off into 
h their acitls aud salts which have become useless, and the bleachers 
1 me · ith their chlorides. Tbe beds of streams have often to be laid clry to ex-
1,, - and clean m '· Finally, steamboats, by their violent movem1,nts of the 
1ml cat op the young fishes upon the river-banks, and these are often 
d 11 rish lh• ,,.. These last causes of destruction are still more fatal to the 
1 of .r f1 than the culpable practicee of the poachers. 
THE HISTORY m, FISH-CULTURE. 469 
rienre, (department;) the Sarthe 297 francs in Le Mairie-et Loire; and the 
Loiret 309. La Mayenne produces 339 francs, and the Seine 498. As 
for the Mairie, it produces the exceptional sum of 1,378 francs. By the 
side of these figu:res, more or less satisfactory, many others attest, on the 
contrary, the extreme scarcity of fish. The A.in, in the Jura, produces 
only 14 francs to the kilometer; the Dordogne, in the department of 
La Correze, 10 francs; tbelsere, 8francs; theDr6me, 4; and the Durance, 
2. Finally, 219 kilometers have been depopulated to that point that 
they cannot be let at any price. , 
This marked inequality in the revenues of several rivers, which offer 
in general similar conditions to the fish, or whose different conditions can 
be differently improved, seems to indicate that the evil, even where great-
est, is not irreparable. The proprietors, i~jured by the impov:erishment 
of. the fisheries, and the government itself more interested than any-
body in the produ~ts of the rivers, have yet remained a long time inact-
ive under the laws which they are ·sustaining. r.rhe remedy has 
been decided upon only after the i;eiterated solicitations of naturalists, 
who, long since masters of a process of artificial multiplication, have 
felt that it might be us~fu1ly applied to the repopulating of rivers an~ 
ponds. The first t,Xperiments have given results sufficiently remarka-
ble not to discourage farther attempts. The practical methods have 
been promptly developed, and scientific researches skillfully conducted 
have impressed a new character upon pisciculture; that is, the branch 
of rural economy which is occupied with the improvement of waters. A 
very general interest is uow felt in this important question ot' the arti· 
:ficial multiplication of fish, which belongs at once· to the natural sci-
ences, to agriculture, and to political economy. The result of the ex-
periments which, since the end of the last century, hav.e had for their 
object the restocking of rivers, already forms a curious chapter of zoo-
logical history; and while awaiting its increase by some new pages, it 
appears to us desirable to reunite its scattered elements. 
I. 
The first attempts at pisciculture were matle by the Chinese and the 
ancient Romans, and it is probable that they were preced~d by their 
elders in civilization. We have no positive data, as to the epoch in which 
the Chinese commenced these experiments; but ever~·thing tends to 
show that they reach back to the most remote antiquity. We find in the 
"Histoire generale des voyages," (1:748,) in Grosier, in Davis~ as M. Chev-
real has already pointed out, and in most of the works which treat of 
Chinese customs, ~ome curious details on the transport of the spawn of 
fish. According to the missionaries who have visited China, a multitude 
of salmon, trout, and sturgeons mount into the rivers of Kiang-si and 
into the ditches which are dug in the middle of t,be fields to preserve 
the water necessary to the production of rice. They deposit their eggs 
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there, and the young, which are soon batched, are a source of consider. 
able profit to the riparian proprietors. The Jesuit father John Baptiste 
Duha1ue, is the first French author who has shown* the manner in which 
this traffic is effected. We give his account, which most historians have 
copied with alterations: "In the great river Yang-tse-kiang, not far 
from the city Kieon-king-fou, in 'the province of Kiang-si, at certa.in 
times of the year, are assembled a prodigious number of boats for the 
purchase there of the eggs of fish. Toward the month of May, the 
country-people bar the river in various places with mats and hurdles 
for a length of about nin:e or ten leagues, leaving only sufficient space 
for the passage of the boats; the _eggs of the fish are stopped by these 
hurdle~. They can distinguish them by the eye, where. other persons. 
see nothing in the water; they draw out this water mixed with eggs, 
and fill several vases with it for saie, which causes, at this season, num-
bers of merchants to collie with their boats to buy it; and transport it 
into different provinces, taking care to agitate it from time to time. 
They succeed one another in this operation. The water is sold in meas-
ures to all those who have :fish-preserves and domestic ponds. After 
some days there are seen in the impregnated water, as it were, little 
heaps of fishes' eggs, without its being yet possible to distinguish the 
species. It is only with time that this appears. The profit is often a 
hundred fold more than the outlay, as the people live in great part 
upon fish." To these very simple but successful means of replenishing 
their pouds, the Chinese are said to have joined others which travelers 
have only very imperfectly indicated; they assert ·that when th~ young 
fish begins to eat, they give him marsh-lentils mixed with yellow of 
eggs. 
The Romans had nearly similar customs at a very early epoch. ''The 
descendants of Romulus and Remus," says Columell~,t '' rustics as they 
were, hacl much at heart the procuring upon their farms a sort of abun-
• dance in every thing like that which reigns among the inhabitants of 
the city; thus they were not satisfied with stocking with fish the ponds 
which they had constructed for this purpose, but carried their foresight 
to t li• point of filling lakes formed by nature with the spawn of fish 
which th~y threw into them. In this way the lakes Velinus and Saba-
tinns, as well as the Vulsmensis and Oiminus, ha,e, in the end, abun-
dan t!\ furnished, not only cat-fish and gold-fish, but, moreover, all other 
11 't )t fh l which are able to live in fresh water." These practices were 
·11 l abandoned, and it is a matter of surprise, when we consider the 
sti;, - · infatuation of which fish became the object in ancient Italy 
1111 ing the following centuries, that no measures were then taken to 
iu 1 , their reproduction and free development. It is well known that 
Ut • • l'1t•11 ts had a remarkable predilection for thi8 species of food. The 
pr' 1i ·ipnl luxu , of the Roman banquets consisted of fl.sh, and the poets 
*Hi L II of the Chinese Empire, vol. i, p. 35, 1735 
t De Re Rustica, book viii, section 16. 
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speak of smnptuons tables spread with these exclusively. In the period 
between the taking of Carthage and the reign of Vespa.sian, this taste 
became a perfect passion, and for its gratification the senators and 
patricians, enriched by the sp_oils of .Asia and .Africa, incurred the most 
foolish expense. Thus Licinius Murena, Qt1intus Hortensius, Lucius 
Philippus, constructed immense basins, which they filled with the most 
rare species, and Lucullus, like a new Xerxes, caused a mountain to be 
pierced to introduce sea-water into his fish-ponds. Varro• relates that 
Hirrius_received twelve millions of sesterces ($675,000) from the numer-
ous buildings which he possessed, and that he employed the entire sum 
in the care of his fishes. The rich patricians, says the same author, 
were not satisfied with a single pond; their :fish-preserves were divided 
into compartments, where they kept shut up, apart from each other, 
fishes of different kinds; they retained a great number of :fishermen 
solely to take care of these animals. They tended their fish as carefully 
as their own slaves during sickness. It is even added that a naval 
expedition, commanded by an admiral, had for its object to introduce 
upon the coast of Tuscany a sort of scar peculiar to the water of Greece.t 
This extravagant fashion, which spread thr~ugh the various classes 
of society, and brought on the ruin of entire families, had also the effect 
of impoverishing the coast,s of the Mediterranean. Ismeral complained 
that time was no longer giveu to the fish of the Tyrrhenian Sea to come 
to maturity. The scandalous luxury displayed in :fish-preserves, and 
the unwearied• attention then directed to marine-animals, have furnished 
no other result useful to pisciculture. The only fact worthy of remark 
at this epoch of sterpe extravagance is the introduction of gold-fish 
iuto artificial ponds, where shell-fish were also placed for their nourish-
ment. 
We may pass rapidly over the immense interval which separates the 
Rowan Empire from the eighteenth century, without remarking any 
important progress in the husbandry of the waters. The :fisherman's 
art was, however, extended and perfected during the middle ages, 
and fish-preserves became extremely numerous in France and Italy. 
Kiugs and princes all bad artificial ponds in their domains, aild we be-
hold Charlemagne himself taking great pains to keep his own in repair, 
causing new ones to be dug, and giving orders that the fish produced 
should be sold. The religious communities exacted enormous duties 
upon almost all fi.sherieH, and had considerable preserves in which mul-
titudes of fish grew fat. The maintenance of these preserves required 
many precautions, and the restorer of agriculture in the thirteenth century 
(Peter of Crescenza) pointed out the manner of getting the greatest 
result from the lakes of fresh as well as salt water. There appears in 
bis work, however, no method worthy of- being noticed here, and the 
*De Re Rustica, book viii, section 17. 
tFor further details, see Noel de la Morimi~re, History <,>f Fishes, vol. i, 1815; Cuvier 
and Valenciennes, Natural History of Fishes, vol. i, 1828; and Dureau de la Malle, 
Political Economy of the Romans, vol. ii, 1840. 
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treatise does not appear to us to have rendered any more service to pi'S-
ciculture than that of Florentinus in the third century, at least as far 
as we can judge of the latter by the extracts which Cassianus Bassus 
has preserved for us. It appears, neverthele~s, that toward the end of 
the middle ages new methods were sought for, which might serve to in-
creas~ the production of fish; a monk of the abbey of Reome, near 
Montbara, named Dom Pinchon, conceived the idea of artificially fecun-
dating the eggs of trout by pressing out in turn the products. of a male 
and female of this species into water, which he afterward agitated with 
his finger. After this operation, he placed the eggs in a wooden box 
having a layer of fine sand on the bottom, and a willow grating above 
and at the two ends. The apparatus remained plunged, up to the mo-
ment of hatching, in water :flowing with a gentle stream. This proceas 
is described in a manuscript" dated 1420, and b0longing to the Baron of 
Montgaudry, grand-nephew of our celebrated Buffon. It has never 
been published, and had rell!ained secret till a recent time.* Dom Pin-
chon is then, in all probability, the first inventor of artificial fecunda-
tion; but his experiments must be looked upon as not having occured, 
since they were not made public. They have, of course, had no iniiuence 
on the pr<;>gress of pisciculture, and are only interesting in a historical 
point of view. 
The fishery of Commachio on· the Adriatic, of which the origin is 
probably very ancient, presents some natural featurt3s, which may, per-
haps, be imitated with advantage on other parts of the Mediterranean 
.shore. Already described at length by Bonaveri, then by Spallanzani, 
this lagoon still merits that we should say some words with regard to 
it. It is, perhaps, one hundred and thirty miles in circumference, 
according to Spallanzani, and is divided into forty basins, surrounded 
with dikes, and all in communication with the sea. Eels abound there 
to such an extent that the inhabitants sell them through all Italy. Dur-
ing the month!:l of February, March, and April, they leave the gates 
open and all the passages free; the young .eels enter of their own accord, 
and the more abundantly in proportion as the weather is stormy. This 
they call the "mounting." Once in the basins, the fishes find nourish-
ment so abundant and so well suited to their wan.ts that they do not 
•• (' 1 pt to leave until full grown; that is, after about five or six years. 
The eels emigrate, and are taken in the greatest number during the 
1 • • h of October, November, and December. For this purpose the 
li I H · 1 n open at the bottom of the basins little passages bordered with 
· ·II hich the eels follow from choice, and are conducted into a sort 
I 1, 11 \ r·ha lJ• 1, where they accumulate without being able to get out. 
11 11 ; 1• 1 • • the crop amounts annually to a million of kilogrammes, 
(-.:! I -:·; P1 tt 11 ,J , 11 • Corte informs us that it produces, according 
th batching-box of Dom Pinchon at one of the last 
Acclrn111 .n• , and was kind enough to inform ns 
11 u 1 of RtSome effected the fecundation of the eggs. 
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to the estimate of M. Cuppari, a net revenue of 80,000 Roman crowns; 
that is, about $88,000. 
The fishers of Commachio profit, as we see, by the advantages which 
nature offers, and they have but few precautions to take to insure the 
develop1:ifent of the :fish in this great preserve. The less favorable cir-
cumstances in which the :fisheries of the Swedish lakes w.ere carried on 
induced an investigation, toward the middle of the last century, of the 
means of preventing the conAiderable· loss which the spawn had there to 
undergo. Already great care was taken in that country not to trouble 
the fish at the times of their reproduction, so that it was even forbidden 
to riug the bells during the spawning-season of the bream. A coun-
selor of Linkoeping, Charles Frederic Lund,* remarked that the three 
species most esteemed among those which inhabit the lakes I of that 
country, the bream, the perch, and the mullet, attach their eggs near the 
banks, either to the rocks, or, by preference, to the twigs of pine and to 
the willow cages placed in the water to catch them. ~he eggs are th us 
destroyed by the :fisherman, or devoured by insects, birds, and especially 
the fishes of prey, so that hardly one out of ten finally escapes. He well 
understood that the prohibition of :fishing during the spawning-season: 
would very imperfectly prevent this enormous destruction. He devised 
another means of protecting the multiplication of the fish, which accords 
completely, as he himself remarks, with the habits of these animals, the 
mode and the laws of their reproduction, as well as with the rules of 
logic and of our own duty. He caused large wooden boxes to. be made 
without covers, but pierced with little holes, and furnished with rollers, 
to allow of their descending easily into the water. He placed twigs of 
pine in them, and introduced a certain quantity of males and female_s,, 
taken at the time of spawning, taking care to separate them by their 
kinds and to give them Apace enough. After having left them there 
two or three days-that is, during the time necessary for laying the 
eggs-he drew out all the ~shes with the help of a small net, and arranged 
the boughs so as not to press too much against one another. The eggs 
arrived at maturity after a' fortnight, or a little more, according to the 
degree of heat, and a multitude of young :fishes came forth. This simple 
process included all the conditions necessary to success, and doubtless 
great advantages may be found in it for the propagation of :fishes whose 
eggs are adherent. Lund succeeded in transporting from one lake to 
an~ther boughs covered with spawn, which he placed in a vase of water, 
takmg care merely not to .expose them to contact with the air. In mak-
ing a first application of his process, he had put separately into three 
large boxes, with a small number of males, :fifty female breams which 
gave him 3~100,000 of the fry; one hundred · perch of the large 'species 
produced 3,215,000 of the fry; and one hundred mullets gave 4 000 000 
of little ones. He obtained then in this m~nner more than ten ~illions 
~Of the Planting of Fh1hes in Inland Lakes. Memoirs of the Swedish Aoade.my of 
Sciences, vol. 23, 1761. German translation of Kartner p. 184: 
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of young fishes, which were disperRed in the Lake of Raexen. If this 
process bad been employed on a large scale in all the lakes of Sweden, 
there would have resulted, says he, a real blessing for the country. 
The favorable circumstances of the arrangement adopted by Lundi 
enabled him to observe some particulars o( the development of the 
embryo. A German naturalist, Bloch,* advanced somewhat farther in this 
direction by ~mploying a similar means. He .took from the Spree some 
aquatic plants covered with eggs of perch, bream, rotengle, &c., and 
kept them in a wooden box of fresh water, renewed daily. .At the end 
of a week he obtained many thousands oflittle fish; observing, however, 
that only a small part of the eggs were fecundated, and that those which 
were so remained transparent and yellow, while those which failed be-
came daily more disturbed and opaque: Bloch concluded that by 
transporting spawn upon plants, as he had done, lakes and ponds 
might be easily and cheaply stocked with fish ; but he made no experi: 
ment, and, as we see, o~ly imperfectly imitated Lund. 
While the ingenious predecessor of Bloch ,vas seeking the means of 
increasing the inhabitants of the Swedish lakes, a lieutenant of miltia 
of Lippe-Detmold, in Westphalia, J. L. Jacobi, conceived the idea of 
artificially fecundating the eggs of fish, and of applying this process to the 
repopulating of ponds and rivers. The curious results of his experi-
ments were, indeed, embodied in a letter, which the" Magazine of Han-
over" only published in 1763 ; t but as .early as 1758 Jacobi had addressed 
manuscript-notes upon the subject to the illustrious Buffon, which La-
c~pede has mentioned in the first volume of his" Natural History of Fishes," 
and in the course of the ·same year he had intrusted another account of 
his labors to the Count de Goldstein, grand chancellor of Berg and 
Juliers. Goldstein caused a Latin translation of it to be made, which 
he sent M. de Fourcroy, director of fortifications at 'Corsica, and an 
·ancestor of the celebrated chemist. This version was published for the 
first time in French in 177 3, in vol. iii of the" General History of the Fish-
eries" by Duhamel-Du Monceau. Duhamel does not mention Jacobi; but, 
the facts in both memoir.a being perfectly identical and set forth in simila1 
terms, it is impossible not to perceive that both writings emanate from 
the same autlior. The date of the first communicati9n entirely secures 
the claims of Jacobi, which are besides confirmed by the quotations of 
Laoopede, and by a communication made in 1764 by Gle<litsch to the 
Academy of Sciences at Berlin. We give the details, because, the name 
of Goldstein alone having been printed in the '' History of the Fisberiest 
many naturalists have wrongly attributed to him the merit of the dis-
covery of artiftcial fecundations. 
The experiments of Jacobi were upon the two most esteemed species 
' L iu, r Bl .. •· Gen6ral and Particular Iohthyology, part ii, p. 94, 1795. 
It i ' be found o . i11 eztenao, in William Yarrell, History of Bntish Fishes, vol. ii, 
1 
, , 1 • 1; and at the end of Practical Instructions upon Pisciculture by M. Coste 
1 -· . ' ' 
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of fish, the tr~ut and the salmon. He tells us himself that, before arriv-
ing at good results, he had to employ sixteen yeaTs in preparatory 
researches and incomplete experiments. He remarked, in the first place, 
that from t)ie end of Novffllli.,er to the beginning- of February the trout 
come together in the brooks and fix themselves upon the grave1, where 
they rub their belijes in a way which· leaves large tracks.. The females 
then deposit their eggs, upon which the males drop their milt. He 
~a.used some trout, then, to be taken at this season, when ready to spawn; 
taking by turns a female and a male, he pressed tlJeir abdomen lightly 
over a vase half filled with water, and let fall into it the mature products 
of both sexes, and ·t,hen stirred up the whole with his hand, in order to 
render the mixture more complete, and thus to insure the fecundation 
of all the eggs. These eggs being once fecundated, it was necessary to 
combine the circumstances P.roper for their development, and for this 
purpose Jacobi thought of placing them in a grated box, across a little 
brook of running water. He constructed a large chest, at one extremity 
of which, and on the upper surface, he left a square oper,.ing, barred by 
a metallic grating of which th'3 threads were separated by a space of 
only about four lines; this opening served to let in the water. Another, 
grated in like manner, and placed in the ve.rtical face of the other ex-
tremity, allowed it to flow out. The bottom was overlaid with an inch 
of sand or gravel. Jacobi placed this apparatus in a trench prepared 
for it by the side of a brook, or, better still, a pond fed by good springs, 
from which he could cause, by· a canal, an uninterupted stream of water 
to flow through the box. 
• These dispositions, very simple and judiciously combined, completely 
resolved the problem which he h~d proposed to himself, viz: To pro-
tect the fecundated eggs against their natural enemies and yet to leave 
them in circumstances similar to those in which they would naturally 
have been placed. The experiment succeeded. After about three 
weeks, Jacobi saw appearing through the thick envelope of the egg 
two black points corresponding to the eyes of the animal, and eight 
days later be began to distinguish the. body itself, which moved and 
turned in the interior. Finally, after five weeks, the young fishes broke 
from their shells, and soon sepa:r:ated themselves completely from it, 
retaining only, under their bellies, a hanging yellow pouch, which is 
the urubilical vesicle. During nearly a month the young were nour-
. ished by the substance of this pouch, which disappears as tbey increase 
in size; but then they had need of other nourishment, and to obtain it 
they left the box by passing through the grating, and fell into a reser-
voir filled with sand and fitted to receive them. Jacobi adds that, in a 
basin of sufficient size, they grew wonderfully in the space of six months, 
and that then they had arrived at a suitable growth for stocking the 
ponds; but he does not say in what way he nourished them during all 
this time. 
The inventor of artificial fecundation appears to have often repeated 
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the experiments which he describes, and took great pains to insure the 
success of them. He perceived that the eggs are easily spoiled when 
they get into heaps, and recommends, to avoid this danger, the separ, 
ating them frequently by means of a switch. Care should be taken 
also that they do not stick together when the milt is poured over them. 
Finally, the dirt which the water deposits should, fro~ time to time, be 
carefully removed from them, and this may be readily done with the 
feather of a quill. 
The question now is~ whether Jacobi, by neglecting no precautions, 
and guarding himself against the various chances of failure, did arrive 
at a final result which is completely satisfactory in. a practical point of 
view. Did he succeed by means of his process in advantageously-
restocking water-courses which had become unproductive, or increa~ing 
production, to any extent, in those where fish were already abundant 1 
We have not the requisite documents for answer~ng this question' posi-
tively ; but we can scarcely doubt that he obtained at least partial 
results, since England recompensed his services with a pension, and in 
a little state of Germany his operations have been continued with suc-
cess by M. Schmittger.* 
Physiology soon turned to account the discovery of Jacobi, and arti-
ficial fecundations have since been frequently reproduced in laborato-
ries. There is no need of recalling the results which Spallanzani, Pre-
vost of Geneva, and Dumas have drawn from them. They have been 
also a grett help to embryological studies; ·and by employing this means 
two contemporaneous zoologists, Rusconi and C. Vogt, have been able 
to follow all the phases of development of the tench and the palie; but 
this discovery especially marked a great progress in pisciculture, and, 
while sci~nce availed itself skillfully of this new mode of invel-ltigation, 
the practical results obtained by Jacobi were carried out in Germany 
and Scotland. 
In the "Treatise on the Economy of Ponds," (by Ernst Friedrich Hartig, 
p. 411, 1831,) there is given a description of the process of Jacobi, with 
the remark that this method has been successfully employed by the 
forester, Franke, at Steinburg, in the principality of Lippe-Schaumburg, 
as well as by M. De Kaas at Biickeburg. The same facts are confirmed 
by M. Knoche,t who asserts that he has himself also completely suc-
cee< .. t} upon the estate called Oelbergen. The last writer place(j the 
yonn ' fish at first in a little reservoir, and the following year trans-
ported t l 11 · w into a larger basin. "I have obtained by this process " says . . ' 
J , •• "m t 1r- •1 11 ht years that I have been employed, 800 young fishes 
out ,r 1,000 to 1,200 eggs. After a year I found in the smaller pond 
on l\- , 1111 11: lf the fish, the others having either died or escaped • 
• • t i J•r"n ,l I , letter of Dr. Schutt, of Frankfort, recently writ~n to Mr. 
I • . The I Jt•iiment of M. Schmittger have been made in the principal-
ltural Union of the Grand Duchy of Heese, No. 37, p. 407, 1840. 
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Apart from this loss, they suceeeded very well, and I ];lave obtained in 
three years, out of the fish, in this manner, a crop of three t_o four hun-
dred trouts a year, of three to four years of age, and of which the largest 
weighed three-quarters of a pound." M. Vogt, in a letter recently pub-
lished, which reproduces this passage of M. Knoche_, informs us at the 
same time that a. decree of the government of Neufchatel, issued in 
1842, gave complete instructions to the fishermen as to the method of 
artificially fecundating the eggs of fish. 
Borne experiments have also been made in England and Scotland. 
After having studied during several years the manner in which the 
salmon spawn naturally, Mr. John Shaw* attempted to combine the 
conditions which. appeared most essential in some preserves which he 
caused to be made near the river Nith. These reservoirs were only 
two feet in depth, and spread with a thick bed of gravel. They were 
fed directly by the water of a spring, which abounded with the larvre of 
insects. A close grating was placed before the c.onduits, by which the 
surplus of this water had to flow out to gain the river. These disposi-
tions once made, Mr. Shaw fecundated the eggs just below the point 
where the water fell into his basins, and left them to develop at the 
same spot. This plan succeeded, and he was able to bring up a certain 
number of young salmon during two years, and even more. He took 
advantage of them to make observations upon their growth and change 
of color. At the age of six months the young salmon had a length of 
two inches; of a year, three inches and three-quarters; of sixteen 
months, six inches; and of two years, six inches and a half. At this 
last period, when they bad put on the lh1ery of emigration, and when they 
are called in Gre~t Britatn by the na.me of parr, the milt of the males 
bad arrived at a sufficieqt state of maturity to be able to. fecunda~e the 
eggs of a<lult females. We owe also to Mr. Shaw, as well as to Mr. 
Andrew Youngt and Dr. Knox, our increased knowledge of various par-
ticulars relative to the monogamy of salmons, and to the maueu vres 
which the female performs on the spawniug place, but these researches 
do not appear to have had any practical result worthy of attention. 
An engineer of Hammersmith, named Gottlieb Boccius, published in 
1848 a short treatise on the management of fish in rivers and streams. 
He extols in it the method of artificial fecundation, but without produc-
ing any positive fact to prove that he himself experimented with suc-
cess.f Siuce that time he has assured Mr. Milne-Edwards that he had 
*Transactions of the Royal Society of Edinburgh, vol. xiv, p. 547, 1840. 
t Natural History of the Salmon, Wick, 1848. 
Un a previous work by the same author, (A. Treatise on the management of Fresh-
water Fish, with a view to making them a source of profit to landed proprietors, by 
Gottleib Bu l>occi London, John Van Voorst, Paternoster Row, 1841,) there are direct~ons, 
on page 19 for the propagation of trout by the method used by. Lund, of confining a 
male and female in a box sunk in the stream. 
It i1:1 very evident from this work that the author at the time of preparing his manuscript 
makes no claim to a knowledge of artificial fecundation. 
478 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 
operated in 1841 upon the water-courses belonging to Mr. Drummond, 
near Uxbridge, then upon the estate of the Duke of Devonshire at Chats-
worth, upon that of Mr. Gurnie at Carsalton, and that of Mr. Hibberts 
at Chalfort. Mr. Boccius must have raised already abot1t two millions 
of little trout. 
The discovery of Jacobi had passed successfully, as we have seen, the 
trial and application in England as in Germany. Up to 1848, nernrthe• 
less, France had remained very much behind in experiments of this sort. 
Although she, perhaps more than any other country, had need of effectual 
means for remedying the impoverishment of the waters, the Freneh 
economists bad giYen scarcely any attention to this question. A single 
one, the Baron of Riviere, presented, in 1840, t_o the Central Society of 
Agriculture, some very learned aud sensible reflections upon ichthyology 
regarded in its relations to the wants of man and the profits of agricul-
ture.• He insisted especially on the advantages wp.ich would result 
from taking in the spring the bouirons or little eels which abound at the 
mouths of rivers, and dispersing them in the lakes, ponds, pools, and 
even muddy ditches, where they live very well. He satisfied himself 
that they might be· transported alive in cask,s full of water, without 
appearing to suffer much from it; but wherever it should be possible to 
use rivers or canals, he thought i:t better to make use of boat~ pierced 
with holes ht communication with the water, such as are frequently used 
for keeping fish. In this memoir of M. de Riviere, the word piscicultnre is 
used for the first time; be employs it with hesitation to indicate this 
new branch of rural economy, which, says he, is still to be created. 
II. 
The year 18!8 saw a new era commence id France for the economy of 
the waters. We believe it is just to say that if the application of arti-
ficial fecundation to the repopulating of rivers is owing to a German 
naturalist, it is in our country that pisciculture bas grown, bas been per-
In his work published in 1841:!, (Fish in Rh·ers and Streams, a treatise on the prodn-0-
tion nd management of fish iu fresh water by artificial spawning, breeding, and rear-
i ,11 bowing also tht\ cause of the depletion of all rivers and streams, by Gottleib 
· 1• n , London, John Van Voorst, Paternoster Row, 1848,) after describing appa-
ra 1 11 l "' incubation and care of eggs he says, on page 32: "Six years have I sac-
c fnll I rried ont this arrangement with trout in a fishery not far from London1 
' "• the richest stream in the south of England. The 1ninciple of artificial 
i h '•, been acquainted with as far back as 1815;" after which he describes 
1ficial fecundation of eggs. 
• , ' • h · Boccius to Milne-E1lwards, repeated by M. Co3te and subse-
tbat be , pplied t,be art of artificial fecundation in England in 1841, 
with reference to the dates. The evidence from his 
iug upon the matter other than to indicate that he 
hue of preparing the book. Bat hts claim in his 
1, I practiced the art, would not carry him back to 
the fact that the manuscript had been prepared 
of pnblieation.-J. W. M. 
of . •1 icultore, vol. xlviii, p. 171, 11:!40. 
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fectPd, and has finally come to constitute an actual branch of industry. 
All the progress which has been made within six years in this depart-
ment of the science is the work of French inquirers. 
The first, M. de Quatrefages, * was led by purely scientific researches 
to occupy himself with the muJtiplication of fish. This zoologist,, con-
vinced that artificial fecundation would do away with the various causes 
which prevent the development oJ the eggs, advised the employment of 
the hatching-box of Goldstein (or rather of ·Jacobi) for fish of running 
water. For those of ponds or lakes. he recommended depositing the 
fecundated egg on a layer of aquatic plants in a spot where the water 
should be tranquil and shallow, and protecting them by ~lattice-work 
against the attacks of their enemies. He showed• how the employment 
of the process discovered by Jacobi would facilitate the domestic~ting 
of foreign fish in our waters. Finally, he pointed out the possibility of 
rendering annual the triennial and irregular product of the ponds by 
dividing them into three or four unequal compartments. In the small-
est the eggs might be hatched and the fry raised. Each year the fish 
might be driven from one compartment to another, and the last basin 
might be fished every year. · 
The memoir of M. de Quatrefages made a good deal of noise, because 
it met one of the wants of rural economy, and gave a glimpse of a quite 
new prosperity for the industry of ponda and water-courses. Drawing 
from oblivion the results obtained in Germany during the last century, 
it recalled the attention of naturalists and husban,dmen to a question too 
long neglected, and of which it would be now superfluous to dwell upon 
the importance. The author was, doubtless-, far from thinking that the 
conclusions to which he had brought his studies w~uld be almost imme-
diately justified and confirmed by the experiments taken some years 
before, but which bad not yet been made public. However, in the first 
days of March, 1849, the Academy of Sciences learned by a letter of Dr. 
Ha.xo, t secretary of' the Society of Emulation of the Vosges, that this 
society had, in the year 1844, given a premium to two fishermen of La 
Bresse, MM. Remy aud Gehin, for having fecundated and artificially 
hatched some eggs of' trout. M. Haxo added that Remy and Gehin then 
possessed a piece of water containing five or six tho~1sand trout, of one 
to three years old, all raised by this process. It is impossible not to 
admire the saga,city and perseverance of these fishermen, who, quite 
unlettered and ignorant of the progress of the natural sciences, have 
found the means of themselves, of remedying the decay of their industry, 
and of giving it a new impetus. Not only have they repeated, with 
great pains, the observations and experiments which occupied J acobPs 
whole life, but they have gone·much farther in the practical application, 
and have almost entirely resolved the problem. 
* Comptes-rendus of the Academy of Sciences, vol. xxvii, p. 413, 1848. See also 
the Revue des Denx Mondes, Jan. 1, 1849. 
t Comptes-rendus of the Academy of Sciences, vol. xxviii, p. 351, 1849. 
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Although they have both greatly contributed to the success of the 
undertaking, we now know that the first efforts were solely owi-ug to 
Joseph Remy, and that he associated Antoine Gehin with himself only 
{lfter having already half succeeded. Remy first studied the habits of 
the female trout ready to spawn. He saw them remove the gravel with 
their tails, and rub their bellies to assist the laying of the eggs. Hav-
ing caught many of thetn in this state, he perceived that by pressiqg 
them a little with his hand, he could easily force out the mature eggs, 
and that the same thing occurred with the milt of the males. He next 
suspended a female above a vase full of water, and by means of a light 
pressure applied from above downward, he caused the eggs to fall out, 
upon which he afterward poured, in like manner, the fecundating liquid 
of the male until the water was white. Next depositing the eggs in a tin 
bo~ pierced with numerous holes, and spread with a layer of coarse sand, 
he placed the box in a fountain of pure water, or in the bed of a brook; 
after a certaip. time be saw the young hatched, and freeing their tails 
first. 
These facts, which Remy relates himself in a letter addre~sed, in 1843, 
to the prefect of' the Vosges, are, as we see, almost identical with those 
which Jacobi has embodied in his memoir, as these last were with tµe 
experiments of Dom Pinchon; but the two fishermen of La Bresse 
did not stop there.* It was not enough to have guarded the eggs 
against the chances of destruction, which me·nace them when abandoned 
to themelves. It was necessary also to insure the development of the 
young, and to find for them a nourishment suited to the wants of their age. 
This Remy and Gehin succeeded in doing. After two or three weeks of 
a diet adapted to these wants, they opened the boxes which contained 
the fry, and allowed them to run freely into a water-chan::iber or a por-
tion of the stream prepared to receive them. There they had taken care 
beforehand to raise a great number of frogs, of which the spawn 
is eagerly devoured by the yonng trout. Somewhat later they had 
recourse to the method already employed for the support, in preserves, 
of adult carnivorous fishes.t 
Remy and Gehin first stocked two ponds near La Bresse, several 
brooks of their canton, the water-courses of the commune of Walden-
stein, and ha.ve thrown about fifty thousand young trout into the Mose-
H. 11 d'Espinal on the Artificial Fecundating and Hatching of the Eggs of Fish, 2d 
,, 11 111 11, p. 2'2, 1853; and Gllide of the Piscicultnrist, 1854. 
· T 11 uouri11h their young trout," says M. de Quatrefages, "they batched with them 
r h r 11 ·1 r u' i, of fish, smaller and herbivorous. These are raised and nourished 
11pn11 1 I I ic •etable , In their turn they serve for food to the tront, who are nour-
i b I h ll, h. ' u fl bermen have thus succeeded in applying to their industry one 
• I mo t '1 neral la ' , upon which are based the natural harmonies of the animal 
, • 1." In I of h 1J1 t·• it of their carnivorous diet, it is important to put 
rout of 111 same age, otherwise the smaller become the food of the large ; 
I' •· •ntion, it is not always possible to avoid the fatal effects of 
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lotte, one of the affluents of the Moselle. These results were too impor-
tant, and promised too great advantages in the economy of our waters, 
not to draw the attention of the public, and even of 'the government. 
In 1850 M. Milne-Edwards was officially charged by the minister of 
agriculture to make sure of the accuracy of the facts published, and to 
ascertain their value. After having procured some information in En-
gland as to similar experiments, he went into the Vosges, and visited the 
little establishment of the fishers of La Bresse. In a very remarkable 
report,* he gave an account of the interesting labors of Remy and 
Gehin, and, while pointing out that the discovery of artificial fecunda-
tion dated back into the last century, he proclaimed that the fishermen 
of La Bresse were the first to make application of it among us, and that 
they have the merit of having thus created a new branch of industry in 
Fre,nce. The learned dean of the Faculty of Sciences of Paris resolved 
upon a grand experiment of stocking the waters of France with fish 
and regarded the success of it as probable if the processes were judi-
ciously arranged. It appeared to him that the best recompense which 
the government could make to the fishermen of La Bresse would be to 
give them the direction of the enterprise. The Philomatic Society did 
not hesitate to put forth a similar wish by the organ of M. de Quatre-
fages. t 
The first notice of M. de Quattefages, the promulgation of the success 
obtained at La Bresse, and the favorable report of M. lVIilne-Ed wards. 
gaYe a powerful impulse to pisciculture, and induced varied applications 
of it on all sides. Under the influence of these first labors, commenced, 
in many parts of France, the grand trial which is now going 011. Its. 
value will not be fully known till it is completetl; but it is already suf-
ficiently advanced to permit us to hope that in the majority of cases the 
methotl of artificial fecunclation will produce important results. .A. cer-
tain number, both of eminent men of learning and of men of practical 
skill, ha,·c taken part in this movement, whicli, far from slackening,. 
increases, on tlrn contrary, and is extending daily 1~ore and more. Among, 
those who ha,Te contribntetl most by their writings or their practical 
studies to the continually increasing progress of piscicnlture, besides • 
Remy arnl Gehin, besides M. Milne-Euwartls and l\I. de Quatrefages, we 
must mention l\I. Valenciennes, whose knowledge of ichthyology is so 
exteusive and profound; M. Millet, inspector of waters and forests; M. 
Coste, professor in the college of France ; Messrs. Berthol and Detzem, 
engineers of bridges and causeways; M. Paul Gervais,+ at Montpel-
lier; l\I. ,J. Fonmet,§ at Lyons; Mr. F. Defilippi,~ at Turin. 
1\1. ValencienneslJ has, at least in part, realized the hope which has 
"Annales des Sciences Naturelles, third series, vol. xiv, p. 5:3, 1850. 
t Journal of Practical Agriculture of June 5, 1852. 
+ B11lletin of the Society of Agriculture de l'Herault, July, 1852. 
\\ Memoirs of the Society of Agriculture of Lyons, May, 1853. 
,r Importamm economica dei pcsci e del Coro allevamonto artificiale. 
II Report on tho Species of Fish in Prussia, which might be imported and acclimated 
in tho fresh waters of France. 
S. l\lis. 74.--31 
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often been indulged, of transporting and domesticating in the waters of 
France the mos.t esteemed fish of foreign countries. He has succeeded 
in bringing alive from the Spre·e to the reservoirs of Marly five different 
kinds, each represented by a certain number of individuals. There are 
the sander, (Perea lucioperca, of Linne) the wels or siiure, (Sil·urus gw,nis, 
of Linne,) the Alandt, ( Oyprinus jeses, of Bloch,) the German lotte, ( Gadus 
lota, of Bloch,) and the pitzker ( Oobitis fossilis, of Linne.) This trial has 
only been made on a small scale, but it is none the less important on 
that account, since it proves that, in ordinary circumstances, difference 
of waters would not be an absolute obstacle to the acclimating of for-
eign fish. 
The same gentleman was afterward charged by the minister of marine 
with the dut.y of inspecting the :fisheries of our coast. The report1 in 
which were embodied the observations made in the course of this mis-
sion, has remaiued unpublished, and it is to be regretted that the learned 
ichthyologist was not able io continue and extend these researches, to 
which his previous studies so naturally called him. 
• It is worthy of notice what wise circumspection MM. de Quatrefages 
and Milne-Edwards have employed in presenting the adYantage~ 
which rural economy might derive from the method of artificial fecunda-
tion. They have incited the proprietors to attempt_s which appeared 
likely to be advantageous, but without always promising them certain 
results. M. Coste has proceeded with less reserve. With unlimited 
confidence in the future of pisciculture, he. has allowed no occasion to 
pass without exalting the benefits which it will confer. In his first 
report, at the close of the year 1850, ·he declared already " that there is 
no branch of industry or husbandry which, with less chance of loss, 
offers an easier ce1fainty of profit."* Later he speaks with enthusiasm 
of the means tried during a century of prQviding for the repopulating 
of the waters. Most c~rtainly it is with excellent intentions, and, doubt-
less, in the hope of sustaining the efforts of experimenters, that M. Coste 
thus undertakes to gu_arantee future results; but is it not rather to be 
• feared that, in magnifying too greatly some partial successes, he may 
compromise the general success of the undertaking! Meanwhile, though 
these absolute affirmations seem to justify, to some extent, some criti-
cisms of which the learned professor bas been the object, they cannot 
diminish his share in the improvements recently made in the method of 
Jacobi. 
M. Coste first put in practice the means proposed by the Baron de 
Riviere for transporting the "mounting" or the young eels and raising 
them in confined spaces.• After having bro_ught this mo~nting from 
the month of the Orne to the College of France, in flat paniers over-
1 'd ith aquatic plants, he gave them for nourishment a hash com-
p,, ,., of the flesh of animals, which do not serve for food or that of 
Practical Instmctions upon Piaciculture, p. 34. 
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molluscs aud earth-insects. The little eels, which, on arriving, bad an 
average length of six and seven centimetres, (two and one-half to three 
inches,) and a circumference of one centimetre, had arrived~ after twenty-
eightmonthsof thisdiet,at thirty-three centimetresoflength, and seven of 
-circumference. M. Coste remarks with reason that the corpses of the 
vertebrated animals, which are not fit for the food of man, might be 
made useful in this manner. He adds that the noxious insects would 
serve quite as well to fatten the :fish. "Thus a great service would be 
rendered to agriculture, since it would, in the end, be delivered of one 
of its s ourges." It is to be regretted that the learned professor has 
not entered into any details upon the best method of capturing these 
insects, which the cultivators have so great an interest in getting rid of, 
even if they conld not make a profitable use of them. 
The author of the Practical Instructions upon Pisciculture has been 
at length induced to take charge of the organization of a vast establish-
ment of artificial fecundation. In 1850 the two engineers of the canal 
from the Rhone to the Rhine, Messrs. Detzem and Bertbol, after hav-
ing visited La Bresse on the invitation of the pref'ect of the Doubs, had 
applied at Huningue the method of Remy and Gehin. Upon the basis of 
their first experiments they had undertaken hypothetical calculations, 
from which it appeared that the present population of the waters of 
France does not exceed twenty-fi.-ve millions of fish, producing annualiy 
less than six millions of francs ($1,200,000)-which figure is really 
much too large-while, if the process of artificial fecundation were 
everywhere introduced, the number of fish would· be raised, after four 
years, to three thousa.nd one hundred and seventy-seven millions, 
and wonld produce a revenue of nine hundred millions of francs 
($180,000,000.)* .At Lochlebrunn, Borne kilometres from Iluningne, 
MM. Detzem and Bertbol bad established the foundations of a large · 
preserve, where in 1852 they operated numerous fecnnda tions by means of 
a hatching-box which in no respect differs from that of Jacobi. ~l'hey · 
assert that they have there obtained a cross of the trout and salmon.t 
The minister of agriculture directed l\'f. Coste to visit the new estab. 
lishmcnt. In a report, favorable to the labors of MlI. Bertbol and 
Detzem,t the professor of the College of France asked for anu be suc-
ceeding in obtaining a consideral>le deYelopment of the fish-preserve, 
or pisdfactory, as be proposed to call it. He brought into use on 
a large scale a hatching-apparatus, which we shall have to describe, 
adopted all the measures which he thought most flt; and in his memoir 
upon the means of restocking the waters of France, he undertook, before 
the Academy of Science, to make a deliYery in June, 1853, of six hun-
dred thousand trout,o,nd salmon, large enough to be thrown into our 
rivers. We have not vii-;itcd the establishment of Huningue, and know 
* Artilicial Fecundation of Fish : Society of Emulation of the Doubs, p. 18, 1851. 
t RPport npon the facts proved at_ Hn~ingno fl'0m l\fay 8, 1851, to l\fay 7, 1852. 
t P1 :H'ti<:al I1rntrnctious iu Pi1Scic11ltnre, p. !JG. 
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not whether it 'is organized in a way to fulfill a part of the promises 
which its founders have often put forward; but from the information: 
which has reached us from several quarters, it would seem that their 
success bas not always been as complete as was hoped for at· first. It 
is then much to be feared that after four years, and even more, the 
establishment of Huningue wiJl not have succeeded in alone restocking 
with fish all the waters of France, and in making them produce the nine 
hundred mil.lions of francs promised by l\IM. Berthol and Detzem. 
However this may be, the relations ~stablished betweeii this piscifao• 
tory and the College of France have furnished to M. Coste an.opportur 
nity of making some curious observatious on the transport of the eggs, 
and the duration of their vitality after having been taken from the 
water. Some eggs of salmon and trout, sent from Mulhausen by the 
diligence, were hatched in great numbers at the College of France. The 
precaution had simply been taken of surrounding them with moist aqua-
tic herbs in a tin box pierced with holes on the upper side.* Other eggs, 
artifioially fecundated, arranged in layers with wet sand in a pine box, 
remained thus two months in a cold chamber. At the end of this time 
they were only corrugated; but having placed the box in water to 
moisten them through the sand, M. Coste saw thein soon resume their 
natural appearance, and they hatched soon after. 
To render possible in his labratory the experiments which he had 
undertaken, M. Coste had to adopt an apparatus occupying but little 
space, and for which a simple thread of water woulu 'suffice. The 
arrangements which he chose are very simple. This apparatu~, which, 
by the way, we have often seen in operation, is an assemblage of little 
troughs arranged like steps on each side of an upper trough which serves 
to supply all the others. The bottom of each trough ·is covered with a 
bed of gravel. A stop-cock lets fall a continuous thread of wa.ter into 
one end of the upper trough. A current is thus created toward the ., 
other end, and there an opening at the sides gi¥ing it passage to right 
and left, it breaks into two falls of water which go to feed the two troughs 
place~ immediately below. These last have also openings by which the 
water falls into the lower troughs, the number of which ma,y be increased 
at pl I re. 
After the hatching ol>taiued by this apparatus, l\I. Co,ste was able to 
i, ·Jo. · t ·· o thousand young salmon into a canal of baked earth, having 
1 t fl 1~ 1•1 ntimeters in length, (twenty-one inches,) fifteen in breadth, 
: Hl I i· h in depth, where, says he, the current is kept up by a simple 
1t r • o t \ i ••r of the size of' a straw. He gave them for nourishment 
I• ,, r 1 11 d of muscular tlesh reduced to fine fibers, in preference to 
th l111il •t 1 l1l j ,i of ·hich R1·my and Gollin had made use. A salmon 
tl in · i tll'1 n11 l in an artificial pond two meters in length, (eighty 
· 11, •lt, ) • 1 l H i t centimeter in breadth, (nineteen and one-half inches,) 
11 • L· month ·, la -~l'l' han those of the same age taken 
· I , • c i UL 01 '<•1 11 , , vol. iii, p. 12tl, 1852. 
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in the Scottish rivers, and represented in the work publishM under the 
assumed name of Ephemera.* Such are the principal results to be 
ascribed to M. Coste. He has recently collected his memoirs and reports 
into a volume, under the title of" Practical Instructions upo~ Piscicul-
ture." He sets forth in these instructions the knowledge previously 
acquired, and those which he has drawn from his personal experience, 
and he adopts some of the improvements introduced by M. Millet in the 
practice of the new industry. ,ve regret that the author of this little 
work, written with much elegance and clearness, has not oftener cited 
the sources from which his information is taken. · 
The same day upon which M. Coste presented his work to the Acad-
emy of Sciences, lVI. de (Juatrefages read before this learned body some 
researches upon the milt of certain fresh-water fish.t The question here 
treated of is fundamental; and before it had been resolved, it was impos-
sible to use the necessary precision in artificial fecundations. This 
labor is then of great importance in the double point of view of compar-
ati rn physiology and the application of zoology. We know by the 
experiments of Prevost, of GeneYa, and of M. Dumas, that. the milt 
owes its physiological properties to the presence of animalcules, which 
move in a manner very peculiar, and that all fecundating-power disap-
pears the moment that these animalcules die. Now, M. de Quatrefages 
shows that the duration of these movements is extremely short in the 
case of fish, even in the most fa,vorable circumstances. Thus, in the 
milt of the brochet, diluted with water, all vitality ceases after eight 
minutes and ten seconds; the animalcules of the mullet are all dead 
after three minutes and ten seconds; and those of the carp after only 
three minutes. This period of activity is still more limited for the perch 
and barbel, since it only reaches two minutes forty seconds for the for-
mer, and two minutes ten seconds for the latter. Neither is it equal for 
all the animalcules of the same fish, and half of them perish in much 
less time. Besides, the preceding figures are taken at the degree of 
heat most favorable to the duration of these movements, and even slight 
Yariations above or below this point destroy them with great rapidity. 
The temperature which maintains longest the Yitality of the animalcules 
is, for winter-fish like the trout, forty-one to forty-eight degrees of Fah-
renheit; for those of the early spring, fifty to fifty-five degrees; for those 
of later spring, as the carp and the perch, sixty-three to sixty-eight; 
and for the summer kinds, seventy-seven to eighty-seven. When the 
temperature somewhat exceeds these limits the increase of energy o·n 
the part of the animalcules compensa,tes, to a certain extent, for the 
shor-ter duration of their vitality. These results apply to those which 
are disseminated through the water; when they remain united in small 
"The Book of the Salmon, by EJ>hemera, [E. Fitzgibbon,] assisted by Arthur Youn CT, 
See also the Agronomic Annals, vol. i, p. 2:34, 1851. "" 
t Comptes-rendus of the Academy of Sciences, session of May 30, 18::i3, vol. xxxvi, 
(), 936; Annals of the Na.tnral Sciences, third series, vol. :s:i:s:, p. :I41., 1853. 
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masses they die much more slowly. The peculiarities of the milt may 
thus be preserved. for a much longer time when it is not diluted, and 
especially when it is kept at a very low temperature. It may even be 
frozen without causing in all cases the death of the animalcules. "M. 
Millet, who has aided me in all these researches," says M. de Quatre-
fages, "has thought of putting the milt with foe into a tin box, so that 
the water may run out as the ice melts, and then to arrange this box in 
a second wooden one, pierced with very small holes, and itself filled 
with ice." Thanks to these precautions, the learned academician has 
been able to preserve the milt in a serviceable condition during sixty~ 
four hours. It is worthy of remar~ that the fecundating-property dis-
appears first in that part of the male organ where the liquid is most 
completely elaborated, and endures some time longer in .the deeper parts. 
These facts taken together will explain most of the failures resulting 
from operations apparently well conducted. They show that the manip-
ulations must be accomplished with great quickness, and careful atten-
tion must be pai<;l to the temperature of the water. We may conclude-
from them also that the season of spawning in certain localities must 
vary in accordance with the atmospheric phenomena; that the short 
vitality of the milt is one of the causes which oppose the crossing of 
the different species in nature; and that the hitherto unexplained instinct 
which leads the trout and salmon to mount to the sources of water-
courses -is owing to the need felt by these animals of finding a degree 
of temperature suitable to the fecundation and development of their 
eggs. M. de Quatrefages has also deduced from his researches data of 
great value for practice, and eminently suited to regulating the methods 
of artificial fecundation.• The results contained in the memoir of M. de 
Quatrefages give to these methods a scientific regularity, which they 
have wanted hitherto, and tend to endow pisciculture with fixed and 
precise rules. 
To complete the summary picture of the progress which piscicultur& 
has made from antiquity to our time, and to show its present condition, 
it remains to point out the numerous and important improvements which 
are owing to M. Millet, inspector of waters and forests. t 
• Since the male liqoid, completely elaborated, loses first its fecundatiug-properties, 
only that should be used in doubtful cases which is pressed from the milt itself. The 
vitality of the auimalcoles not being destroyed by colcl in the male organ, the frozen 
milt is not to be rejected as useless. If the fecundation cannot be made till after the 
death of the animal, it is well to take oat the milt and preserve it in a wet cloth. In 
view of the extreme shortneBS of life of the animalcules, and of the obstacles which 
the swelling of the envelope may oppose to fecundation, it is useful in the case of cer-
tain peciee to pour the eggs and the male prodact simultaneously into the same vessel, 
and thos to render the contact instantaueoas. Of course, the water must never be 
first imv , , ,l 11 with the milt, 
· pur to the director-general of waters and forests apon the repopulating of the 
1 11 11111 floating r-c IH •· •· , by M. de Saint Onen, administrator of the forests, 
r h nnal of the Foreeta, pp. 272 and 429, Joly and August, 1853, Inde-
U I f 1 11 '' memoirs opon piacicalture which we have hitherto cited, it 
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It is a well-known fact that fish do not deposit all their spawn at once 
The eggs do not all arrive togetqer at a state of maturity. When left 
to herself, the female returns several times to the place of spawning, 
where the male always follows her, and it is only after a certain number 
of days that the delivery of the eggs is complete. Although it has been 
already remarked that only the ripe- eggs leave the ovary ~nd :find their-
way into the abdominal cavity, yet the advice was always given to e:ffeot 
the artificial fecnn,dation at once by forcing out the spawn by pressure 
on the sides of the belly of the female. Without doubt., this practice, 
in many cases, was attended with a violence as injurious to the develop-
ment of a great number of the products as to th~ health of the· animals.. 
thus operated upon. 
Struck with these inconveniences, and convinced of the advantages· 
always following from a strict imitation of nature, M. Millet took pains 
to gather the eggs only in portions and in several days, as they beca~e 
completely ripe, and to let them fall into the water simultai;teously with the 
milt of the male. As captivity has often a bad effect upon the genera-
tive functions of fishes, M. Millet only takes them at the moment of 
:r;naking the fecundations, and restores them to the river immediately 
after, at the same time tethering them with a pack-thread passed 
through the gil1s. They live very well in this condition, and do not 
perceptibly suffer from it. M. Millet has also sometimes made use of 
artificial spawning-holes, which call to mind those of Lund, but are more 
perfect. These are a kind of double-bottomed cages, the first consist-
ing of an open frame-work of bar.~, the second of a movable sieve of 
metallic cloth. The females, by rubbing against the bars, let fall their 
eggs, which drop upon the sie,·e. The males being introduced into the 
appara~us at the same time, it generally happens that the fecundation 
is effected naturally. This method of gathering has the advantage of 
losing no portion of the eggs, w bile there is risk of this in holding 
the female by a cord in rivers. 
The hatching-apparatus used _by M. Millet varies a little with circum-
stances, but remains always simple, convenient, and economical. If the 
development of the egg is to take place out of the water in which the 
parents live, whether in ap. apartment or under a shed, a vessel of any 
description is taken, having a capacity of thirty to thirty-five litres, 
may be useful to consult the report of a commission of the King of Holland, having for 
title, "Handliedung tot de kunstmatige Veremenigouldigen van Vischen, 1853 ; " some 
notes of M. de Camn<yit in the Norman Annual for 1850, and in the same collection an 
Essay upon the Multiplication of :Fish in the department of La Manchi, by M. G. Sward 
de Becunlien, 1854, as well as some letters of the Marquis of Wibraye and the Count 
of Pontgibard, 1854; in the Analytic Sketch of the Labors of the Academy of Rouen, 
a note by M. Bergasse on Artificial Fecundation applied to the Salmon, 1853; and some 
Researches into the Natural History of the Salmon, by lf. A. de Bigoon, 1853; finally 
various observations of MM. Gehin, Richard de Behagne in the Bulletin of the Agii-
cnltnral Society of Paris, vol. vi, pp. 461 and 469, 1851 ; of M. Noblet, ibidem, vol. vii, 
p. 403, 1852, and M. Quennrd, ibidem, vol. viii, p. 95, 1853. 
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(eight to nine gallons;) and on the bottom of this gravel, sand, and char-
coal are heaped up so as to constitute a filter. A purified water runs · 
from this reservoir by a s-top-cock situated underneath it, and falls into 
troughs placed like steps, which may be multiplied at pleasure. This 
arrangement is entirely similar, as we see, to that which M. Coste had 
.already chosen; but M. Millet has added an improvement, which, we 
:hasten to say, the learned professor 0f the College of France has at once 
adopted in his turn. · · 
However pure running water may be, it always bears with it and 
deposits at the bottom which it covers foreign particles, which, if they 
rested upon the eggs, would finally surround them with a sort of slime 
favorable to the development of bys·sus and mold. To meet this 
objection, M. Millet thought of suspending the eggs a little below the 
surface of the water. · M. Vogt* had already taken the precaution to 
place them in a muslin bag, permeable on all sides, which he threw into 
the lake after having fastened it to a stake, or kept it in place by a large 
stone. Starting upon the same principle, M. Millet has arrived at a 
surer and more complete result. He places the eggs upon sieves, which 
little rods, sliding on the edges of the _tubs, hold at the desired height. 
This skillful experimenter has successively employed si~ves of varions 
substances, of hair, of' silk, of willow, &c., and bas finally given the 
preference to galvanized metallic cloth, which have more solidity and 
durability, do not spoil, are easily cleaned by the help of a brush, and 
are only very rarely attacked by sea-weed. 
The expense of outfit of such an apparatus is quite insignificant. 
The working consists merely in filling the reservoir ev·ery morning and 
evening, in moving the sieves once a day, and taking away t~e eggs 
which may become opaque. For many years the eggs of trout, of sal-
mon, of the umber, &c., have been developed in this way, and hatched 
in considerable quantities in the same apartment which the experimen-
ter occupies at Paris, in the middle of the rue Castiglione. 
When the process can be carried . on in the water of a stream itself, 
of a lake, or of a pond, M. Millet recommends the employment of double . 
it· · of metallic cloth, which may be kept at a suitable height by the 
help of floaters, and which follow all the changes of the level of the 
i '· , For the species which spawn in sleeping water, he lines the 
lonl ,J,, sieve ith aquatic plants, or limits himself to placing the eggs 
in 1. • hallow tubs with plants, which prevent the water from corrup-
tion. ·1 the fecnndated eggs are to be transported to great dis .. 
t ,ua· · .. l. Millet advises placing them in a flat box, in quite thin layers, 
, two wet cloths. In tbitl state he has sent them to Jllorence, 
. have reached the hands of M. Vaj and the Professor Cozzi, 
, j, u . of twenty or twenty-five days, and have not failed to 
·1 soon after. The use of moist linen is preferable to that of aquatic 
Salmonea; Histoire Natnrclle des Poisson& d'eau douoe de 
L. Agaaalz, p. 16, 1842. 
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plants; the linen dries less rapidly, and facilitates the unpacking, which, 
in the other cases, requires much time and care. The Marquis of V1-
braye, to w horn the Sologne owes so many usefµl improvements, and 
who bas already introduced on his ~states numerous trout produced 
by artificial fecundati~n, has also made use, with advantage, of small 
wadded cushions. When the eggs to ·be dealt with are very delicate, 
and are to be transported during the summer, M. Millet sometimes 
employs the little portable ice-box, of which we have already given the 
description. , 
As soon as the young fish have completely absorbed tbeir umbilical 
vesicle, that is to say, some weeks after the hatchjng, the author of 
these curious experiments is of opinion that it is best not to try to 
nourish them in captiYity, but to dismiss them at once into the waters 
where they will have to live, taking care, however, to place them suit-
ably where they will find the spawn of frogs, lymneas, pla.norbis, &c . 
. They should commence at once to seek for their prey, and thus avoid 
the suffering from change of water, of nourishment, and of habits, to 
which they will necessarily be subject, if raised artificially in basins 
not comn;mnicating with the waters which they must inhabit. 
· It is principaJly in the departments of the Eure, the_Aisne, -and the 
Oise 'that M. Millet has put in practice these various metho(ls. Affi. 
davits emanating from the local authorities bear. witness to the impor-
tant results which he has obtained. M. Millet has co.Q.ducted,-at the 
same time, a series of delicate observations, which have already JP.d to 
some happy applications.* He has examined the action of salt or brack-
ish water on the eggs of fish which leave the sea to spawn in fresh 
water, and he bas seen that it .is injurious to their development iJ;i. 
ordinary cases, which gives the practical reason of the emigratio11. of 
these animals. Nevertheless, salt, which would destroy the healthy 
eggs, has the singular property of h~aling theni when attacked by 
white spots. These spots, which probably spread from -the surfa~e to . 
the center, and would lead to the destruction of the eggs if allowed to 
increase, disappear in water very slightly salted; and when they are 
taken in time, the young fish may thus be saved. It results also, from, 
the observation ~f M. l\Iillet; that the mortality of the eggs al ways-
reaches its maximum at the epoch when the embryo begins to form; 
accordingly he advises transporting them only when, the eyes become 
visible, or rather immediately after the fecundation. He has remarked, 
:finally, that the white spots on the one hand, and the sea-weed and 
byssus on the other, attack much more rarely the eggs of trout and 
salmon, at a low temperature, than in one which exceeds :fifty-four 
degrees. 
Here terminates the rapid exposition of the applicat-ions furnished by 
zoology to the economy of ponds and water-courses, and of the prog-
., Comptes-rendus of the Academy of Sciences, vol. xx.xviii, session of December 
26, 1853. 
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ress which this branch of industry has made of later years. The labors 
of Remy and Gehin, and those of M. de. Quatrefages, of M. Coste and 
M. Millet, represent the present state of this department of agricultural 
science. To them belongs the honor of having regulated and perfeoted 
the methods, and of having determined the basis of a cultivation before 
very vague and precarious. 
HI. 
The processes which we have analyzed are not all equally adapted for 
easy and profitable application. It remains then to compare the ~espec-
tive advantages of them, to determine the combined measures which 
piscicnlturists ought to adopt. 
The first care to be taken when it is desired to stock a river or pond 
. is to learn what species of fish will ,best adap~ themsekes to the circum-
stances which happen to be united there. To escape the danger of cer-
tain failure, it is first of all necessary that the nature, the ordin~ry tem-
perature, the d(}pth, and the various qualities of the waters to be en-
riched should agree with the instincts, habits, and way of life of the 
animals to be developed there. These recommendations are found in 
all books upon the subject, but cannot be t-Oo often repeated. It is ,most , 
certainly from the neglect of these proprieties, and want of appreciati<)n 
of them, that certain pisciculturists have seen their attempts miscarry 
when they were otherwise skillfully executed. 
Whe~, therefore, the ground, as it were, has been studied in advance, 
ttnd it has been determined what sort of fish has the best chance of 
prospering there, the individuals necessary for ·the multiplication of the 
chosen species should not be procured except at the very season of spawn. 
ing, since very often the products are spoiled in the bodies of fishes 
which are condemned to close captiyity. This inconvenience does. not 
present itself if the animals can.be placed in reserve in inclosnres near 
the rivers or ponds in which they have been caught. Otherwise they 
may be held by a cord in the sa~e places where they have lived. It 
is important, before effecting the fecundation, to pay attention to the 
temperature of the water, which bas so great an influence upon the 
properties of the milt, as M. de Quatrefages has so clearly shown, and 
probably also upon the vitality of the egg itself. Although M. Vogt 
has seen the eggs of the palee• prosper after they bad been taken in ice, 
this extreme cold is generally sufficient to destroy them. 
The gathering of the male and female elements should be made on 
different occasions and in several days. It seems useful, in many cases, 
to guard the prodncts from all exterior influences, and not to take them 
from their natural medium. For this purpose a male and a female are 
taken ancl inclined near each other at the surface of the water. They 
are then bent gently upward, which produces a strong contraction, and 
* A species of white-fish ( Coregonus pa lea.) 
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generally serves to create a flow of the ripe products. If the exit offers 
any difficulty, it may be assisted by passing the finger under the belly 
but without any effort. The simultaneous or almost simultaneous mix-
ture of the eggs and the milt is necessary in most cases, since with cer-
tain fish, as-the trout, the animalcules of the milt do riot .live even a. 
moment, and with others, as the carp, the mucilaginous envelope of tht, 
egg swells rapidly in the water and, then opposes itself to ·t,he impreg-
nation. For the last reason,'it is important always to refrain from wash-
ing the eggs before fecundation, as some persons had advised doing. 
The eggs once fecundated are placed in an apparatus like those of M. 
Coste and M. Millet; but it appears to us preferable in all cases, when 
possible, to employ the double sieve or floating insulator of the last 
experimenter. The fecundation is then effected in the lower part of the 
sieve, placed in a tub full of water; and after the cover is put on, the 
whole is transported to the river which is to be furnished : in this way 
the spawn undergoes· no change of water, from its exit from the belly of 
the female to the period of its development. If the eggs are unencutn-
bered, they are allowed to fall to the bottom of the sieve. If they are 
adherent, likes those of the carp, the tench, or the barbel, care is taken 
to introduce beforehand into the sieve some aquatic plants or twigs. The 
little apparatus is furnished with floaters, and fastened to stakes by a. 
cord, by which it is easy to draw it to the .bank, when it is to be exam-
ined. .After the young fish are hatched, and their umbilical vesicle is 
completely absorbed, the sieve is ope.ned, and they are thus dispersed in 
theveryplaces where theyareto live. With thisview,shallowplaces are 
chosen, which the fry generally prefer, and which are not frequented by 
the large fish, or rather inclosures near the water-coLtrses. The fish of 
this early age have great agility, and commonly escape the pursuit of 
their enemies by squatting among the pebbles, and concealing them-
selves in the grass or the roots of trees. They then feed naturally upon 
lymneas, planorbis, small worms, or the spawn of frogs, but it soon be-
comes useful to throw them the refuse of the shambles or the kitchen,. 
and, generally, as M. Coste has advised, all animal substances which are 
#J.ot made use of. It w~uld seem, however, that some of these substan-
ces may become injurious to the fish, and M. Sivard de Beaulieu has. 
remarked that his trout al ways died after eating earth-salamanders. The 
putrefaction of the substances which are not eaten offers no inconve: 
nience in a mass of water frequently renewed like that of a brook, while 
for this reason, and many others, the artificial nourishment of young 
fish in narrow reservoirs is almost-impracticable. They should, there-
fore, always be dispersed after the absorption of their vesicles, without 
attempts to raise them painfully in small apparatus. 
These various operations are, as we see, very simple and easy, and may 
be brought to a good result by anybody with little outlay of time and 
expense; but it is ·evident that success depends greatly upon the tact 
and foresight of the operator, and that here, ~sin all branches of indus-
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try, individual skill will always have great influence upon the result. 
Without doubt, atso, a prolonged and sufficiently extensive experience 
will soon attain to further improvements in the application of the new 
methods and reduce greatly the chances of failure. Everything, then, 
. ' gives reason to hope that at an early period pisciculture will be natnr-
~lized among the useful sciences, and that it is destined "to solve one of 
the 'important terms of the great problem of cheap living. 
This result, so desirable, would" be greatly expedited if the Govern-
ment should decide to take some energetic measures. It shogld cause 
to be completely revised, by competent men, the legislation of the flu vial 
and marine fisheries, and should bring the system of artificial fecunda-
tion into operation in all the fresh waters of France, a;t the same time 
1 
that a service of observation and vigilance should be organized upon our 
coasts. In utt.ering this wish, we are only the echo of all the learned 
men and economists who have touch~d upon this question . 
.Already, indeed, the state has made a first step in the path where we 
should like to see it wholly enter. It , has decreed th0 piscifactory of 
Huningue. We are far from denying the services which this establish-
ment may render by its consequences; but it is clearly proved that it 
will never suffice for entirely restocking the waters of France; and meets 
very imperfectly the present wants of pisciculture. If there are too 
great obstacles to putting this vast trial in practice over the whole sur-
face of the country, it would at least be easy for the state to undert"ake 
it in more limited though still considerable proportions, and without 
charging the budget with any new burden. For this purpose it need 
only profit by the resources offered by the administration of waters and 
forests. In fact, this administration disposes of a surface of canals and 
brooks which reaches nearly 8,000 kilometers, (5,000 miles,) and has a 
personal force quite ready and trained to the variollS practices for the 
husbandry of the waters. The number of its simple fisheries police 
amount to 427, without counting the general police, sub-inspectors, and 
inspect.ors which direct the others, and who are all prepared, by their 
previous studies for applications of tl;lis kind. Here is a service extens-
ively organized, which would be admirably adapted to ex:perim(3nts of 
piscieulture on a large SL~le, and which would not, even thereby, be 
turned from its legitimate functions. 
It is to be hoped that those who are interested will not fail to be struck 
with these easy advantages, and that they will try to attain to at least 
a part of the results promised by the new industry. Relying upon their 
own resources, the proprietors have not hesitated to undergo the risks 
of the trial; but apart from their isolated and limited efforts, does it not 
belong to the state to give prosperity and exjiension to the methods 
vised by Jacobi, and already carried by men of science in France to so 
, gh a degree of perfection , 
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B-REPORT ON THE PROGRESS OF PISCICULTURE IN 
RUSSIA. . 
· BY THEODORE SoUD.AKEVICZ, 
[frepared for the Vienna Exposition of 1873, and translated from the French by H. 
Jacobsen.] 
1.-THE DECREASE OF FOOD-FISHES. 
The fact that basins which formerly abounded in .fish show a 
decrease does not admit of any doubt, and it is even asserted with good 
reason. that th_is is not an accidental phenomenon, which might be 
explained by unfavorable and passing· circumstances, but that we have 
to face a constant and genera.I fact. 
In view of the great importance of the fisheries in regard to the 
question of food and economy, this decrease of fish must necessarily 
qccupy not oniy scientists and naturalists, but also governments. Ob-
servation and experience have shown that the cause of this fact must 
not be looked for in a weakening of the reproductive powers of fish, 
which probably are as extraordinary at this day as they were in former 
times; * it must, therefore, be due to _other influences, especially to those 
which are brought about by man's own doing. 
The basis on ·which a rational system of pisciculture is founded is 
very simple, and can be limited to the following rules:· 
1. Preserve the natural condjtions of those place_s where the fish 
spawn, conditions which favor the spawning-process, and tend to pre-
serve the spawn and protect the first development of the eggs ; thus, 
e. g., everything which diminishes tb.e supply of fresh water; everything 
which changes the quality of the water or the charac.ter of the bottom; 
everything which hinders the growth of aquatic plants; in fact, every-
thing which at its very source can destroy the wealth of fish of a whole 
basin. 1 
2. Leave a free passage for the .fish to pass to the places which are 
favorable for spawning, at least as much as is necessary for pre-
serving the species in sufficient quantity; for the best natural condi-
tions for spawning would be useless, if nearly all the fish which went 
there were caught and destroyed during their journey. 
3. Protect the young generation, so that it can arrive at the age of 
matuTity and contribute its share toward the increase of the species. 
If these conditions are observed, every large sheet of water, inland 
seas and large lakes, may become as rich in fish as the quantity of 
nutritive substance contained therein will permit. Certain hurtful influ-
ences such as, epidemics, or the too great development of animals 
which feed on spawn, can doubtless diminish the number of certain 
•Tbas, the codfish deposits 9,000,000 eggs at one time; the tench about '350,000; 
the perch, 300,000; the carp contains 50,000 eggs to every pound of weight; the pike, 
40,000; the salmon, 25,000, &c. 
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species ; bnt this will soon be rectified again, and man alone, with the 
powerful means at his disposal, has the power to destroy this order for 
ever and to his own great detriment. 
But human influence itself varies eonsiderably according to local condi-
tions. In the oceans and large seas man cannot injure the spawning-
places of those fish which deposit t,heir spawn in the sea itself or at a 
great depth, as for instance, the cod, I)Or can he prevent the fish from reach-
ing the~e places. He can neither destroy the spawn nor, asa general rule, 
catch those young fish which have not yet attained the age of maturity. 
These young fish escape and spread over the immense extent of the sea. 
In rivers, Jakes, and other limited sheets of water, the fish are brought 
within the reach of man's influence under very different conditions; here 
we find that the basis of a good system of pisciculture mentioned above 
is wanting either entirely or in part. 
This fact is also established in Russia, not only with regard to the 
lakes, but also to the inland seas, such as the Caspian Sea and the Sea 
of Azov. The abundance of fish in these seas is truly astonishing, and 
surpasses everything which is known of the most celebrated fisheries of 
the ocean, such as the Newfoundland Bank,* the Dogger Bank, or the 
Westfior,l in Norway. But this large number of fish depends to a great 
extent on man's action. In the Se-a of Azov, the principal and 
almost only source of, what is there called the " whHe fish," (LucioperQf 
sa'ltdra, Cuv., Leuciscus Heclcelii, Nordm., and Oyp1·inus carpio, L.,) is the 
delta of t.be Kaul.>an, which combines ,all the most favorable conditions 
I 
for spawning. 
Throughout its whole extent enormous fisheries are carriell on, the 
young fish are saved, and all the regulations tending to protect the cir-
culation of fish in the net-work of lagoons, in the branches of the delta, 
and the bed o'f the river are carefully ohserved. If, however, this sys. 
tem of pisciculture at the mon.ths of the Kauban was not modified·, it 
might have a bad infl.uen~e, not only on the river-fusheries, but also on 
,hose of the Sea of Azov, on account of the transformation of the vast 
1 goons, where millions of fish spawn, into salty marshes. In the Volga, 
111 in the other rivers which fall into the Caspian Sea, the distribution 
'· the water in the delta is not hindered in any way. The fishing of 
·oun fish by means of nets with narrow meshes is not in vogue ; but, 
on the contrary, it is not very long since the whole space extending before 
Ii · mouths of the Volga, was encumbered by innumerable lines of fish-
·u ,i pparatns, and the free circulation of the fish which had entered the 
i · · wa hindered by the constant use of draw-nets, and by the river 
' i g filled with hooks, nets, leaps, and crawls. Consequently an insuffi-
1, number of fish was allowed to pass on to the spawning-places. 
T I la· of r:.,, with its new regulations, has abolished this abuse. In 
I,,. inland lakes of Russia, which cover a vast area in the northwest, 
· num h 1 01 •• caught at Newfoundland is scarcely half that of the Caspian 
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especially iu the shallow lakes, which are well known for their wealth of 
fish, the third condition of rational piscicultnre mentioned above would 
often have been disregarded, L e., people would have fished the young 
fish before tlrn age of maturity if nets with narrow meshes bad not been 
prohibited. · 
2.-PISOICUL'l'URE. 
Tile decrease of fish iu consequence of a bad and <l.estructive system 
has attracted the atteution of the governments, nearly all of whom 
tlevote more or less considerable sums to the encouragement aud devel-
opment of the fisheries, in order to diminish the deRtruction of fish by 
means of various protective measure~. The decrease of the Russian 
fisheries has led the imperial miuistry of domains to make a series of 
statistical researches with regard to the fisheries, with a view of throw~ 
ing light on all the causes of this decrease. These researches, com-
menced in 185D and :finished in 1872, have been made in the Baltic, the 
Polar Sea, the White Sea, the Caspian Sea., the Black Sea, and the Sea 
of Azov, as well as in the more important lakes. 'rhe result of these 
investigations has served as a basis for tlrn new legislation, and has led 
to administrative measures looking toward th(j protection anti develop-
ment of the fisheries. 
In Russia, as well as in other countries, the government has been 
aided in its efforts uy a new science~ which iu our days has become 
of the greatest importance as a branch of national industry. The 
lauors of various distinguished scientists, who have devoted them-
selves to the study of iethyology, have led to interesting discov-
eries, several of which have proved of the greatest practical use. One 
of the most important among tllese last-mentioned discoveries is the 
artificial impregnation of spawn, whicll, as experience has shown, 
enahles us to multiply the most valuable species in the most favorable 
localities) or to renew the wealth of fish which had been exhausted by 
a destrnctive system of fishing. 
This discovery can be traced ua,ck to the middle of the eighteenth 
century, but its practical application as a branch of industry dates only 
thirty years back. 'fhe artifi.cia:l raising of fish is in o~r days encour-
aged an<l aidc<l by government, bas developed extensively, and has 
renderecl the most valuable services to the public well-being. 
Pisciculture, or the art of propagating fish, was known to all civilized 
nations even in tlle most remote times. In the beginning, the following 
method was observetl: At the spawning-season, fagots and branches 
were placed iu the rivers and their tributaries, forming hedges, on which 
the fish deposited their roe as on a .natural bottom. After the roe had 
been impregnated, it was gathered and taken to those places. where one 
wanted to introduce fish or multiply them. 
In the fifteenth century other methods of propagating fish were 
Pm ployed. Long wooclen boxes were prepared, open at the top, and their 
straightest sides being composed of osier or reed trellis· at the bottom of 
. ' 
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these boxes a layer· ~f fine sand was placed to serve as a receptacle for 
the roe• on this bottom the impregnated roe was placed, and the whole ' . 
apparatus put in a place where the roe was exposed to a constant stream 
of fresh water. The development and hatching of the roe usually took 
place after three weeks, but a month was required for hatching all the 
eggs. This invention, which was a progressive step in the art of pisci-
culture, was improved in 1761 by a new hatching and incubating proc-
ess. At that time artificial hatching-boxes were introduced, consisting 
of wooden boxes with perforated sides, in which °branches were stuck. 
At the spawning-season, fish of both sexes were put in these boxes; 
thereupon the spawners were taken out, and the branches covered with 
the spawn were placed in boxes in such a manner as to avoid all con-
tact between the eggs. 
The discovery of artificial incubation belongs to a Frenchman, Dom 
Pinchon, (Bulletin of the Imperial Society of Acclimatization, 1854, p. 
80,) and the construction of artificial spawning-boxes was invented by 
a Swede, (Lund, of Linkoping ;} the third and most important dis-
covery, viz, that of artificial fecundation, was made by Ludwig 
Jacobi, a laud-owner of Lippe-Detmold, (1711-'84,) who has left us an 
account describing his method very much in detail. This work may 
serve as a manual of practical pisciculture. The process of fecundation 
discovered by Jacobi, and known as "nioist fecundation," is at the 
present day in vogue in most of the foreign establishments of pisci-
culture. In RL1ssia the so-called process of "dry fecundation'' is mostly 
employed. Both will be described below. 
Jacobi's discovery was very little known till 1840, when a strong 
impetus was given to this industry in consequence of experiments in the 
artificial propagation of fish µiade in France by the :fisherman Joseph 
Remy and his friend Gehin. These experiments attracted the attention of 
the government, which shunned no expense and appropriated large 
smns for founding the establishment at Hiiniugen, placed at first under 
the direction of Berthot and Detzem, and finally confided to the care of 
the celebrated Ooste. Through the influence of this establishment, 
whicb soon placed itself on a commercial footing and made it an object 
to sell fecundated eggs and fry, pisciculture developed very rapidly; and 
there is at this day scarcely a country where this industry is not known 
and does not attract the attention of land-owners. In Russia, the 
num 11 r of ~iscicultural establishments increases every day, in spite of 
t be conn 1. . great wealth of fish. 
- rw 1 ' these establishments, that of Nikolsky, located in the village 
• the . 1 1, · name, (province of Novgorod, district of Demyansk,) takes 
11 rst r,l, r· on account of its extent, its excellent technical arrange-
, it t '111. fl.nail , by its method of fecundating eggs. 
r1 1e · t: blishment of Nikolsky belongs to the government, and is 
1111 t'r l Ii• , , · 11 1•nt of agriculture and rural industry. 
l r l tl r 11 " • • clear idea.of all the operations of pisciculture., it will 
to consider each separat.ely. 
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For artificial fecundation it is indispensable to select fish which have 
attained their full reproductive maturity, and, as much as possible, at 
the very time when the spawn is ejected. This condition is very 
important; for fish, when it is at the natural height of its existence, is 
only with great difficulty kept in a condition favorable to reproduction. 
In order to follow the progressive maturation of the spawn of the female 
fish, so as to be able to use it at the proper time, one proceeds in the 
following manner: Several male and female fish of one species, or of 
two species if one wants to cross the breeds, are placed in reservoirs 
large enough to allow the fish to move freely. Every species is placed 
in a reservoir specially arranged in such a manner as to let each one 
have the temperature and the kind of watP-r which it prefers. The 
trout, for instance, the various kinds of salmon, and the sturgeon, which 
propagate in running cold water, must be preserved in reservoirs fed 
from sources of fresh water; and if these cannot be had, the water must 
be changed frequently. Other species, such as _the large pike, the carp, 
the perch, &c., which deposit their spawn in stagnant water, must be 
placed under similar conditions. In the establishment of Nikolsky the 
fish are preserved in ponds of running water, and a short time before the 
fecundation they are tram;ferred to basins likewise supplied with running 
water, which are in the establishment itself. 
When it is impossible to get living reproductive fish, one may use 
dead ones. Thus, during the first time of its existence, the establish-
ment of Nikolsky had frequently to use, and nearly always with success, 
dead female fish which came from St. Petersburg. During the trans-
portation, the genital aperture was closed with bandages, and the fish, 
wrapped up in hemp, were ln,id on their hacks. It has been positively 
proved that the milt, as long as it is contained in the reproductive 
organs, preserves its prolific q ua1itics for a very l01ig time, and does not 
even snff'er from cold, but if diluted with water it loses its strength very 
quickly. According to the testimony of several scientists, (Quatrefages,) 
every movement of the spermatozoids is stopped in milt which is diluted 
b,y water, under the most favorable conditions, in the pike in 8 minutes 
50 seconds, with the roach in 3 minutes 10 seconds, in the carp in 3 
minutes, aud in the percll 2 minutes 40 seconds. As regards the 
spawn, we have not yet exact data as to how long a time it preserves 
the facnl ty of receiving tlle influence of the spermatozoi<ls according to 
the temperature and the species. 
When the eggs and the milt hav-e attained their full maturity, which 
can be seen by certain external signs, (the swelling of the belly of the 
female and the -enlargement of the genital opening of the male,) one 
proceeds to fecundate, which is done in two ways, according to the spe-
cies of fish. · 
S. Mis. 74--32 
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4.-THE FECUNDATION OF SP .A. WN. 
Those fish which spawn on the sand, for instance, the trout, the lava-
ret, and the whole family of salmon, produce eggs which are easily 
separated, and which do not stick to other objects; but those species 
which deposit their spawn on aquatic plants-the carp, the pike, the 
perch, &c.-produce glutinous eggs, which adhere closely to the plants. 
The artificial fecundation of spawn of the fir&t kind is also done in two 
ways: by the "Illoist" and by the "dry process." The '' moist process," 
which is the more ancient, is followed in most foreign establishments of 
pisciculture; the "dry process," invented by the Russian piscicultur.--
ist, V. P. Vrasski, has beeil adopted in nearly all the Russian estab-
lishments, and has even been introduced into some foreign ones. The 
difference between the two methods is apparently very insignificantt 
but the results obtained by the '' dry process" are by far the more 
advantageous. The "moist process" consists in taking a vessel of sand-
stone, of porcelain, or of wood, which must be perfectly clean, and con-
structed in such a manner as to have an opening equal in size to the 
bottom, or a Iittfo larger. The bottom must. present an even surface, 
so that the eggs can be freely spread on it. 
Enough water is poured into the vessel to cover the bottom to the height 
of two or three inches. The temperature of the water depends on the 
species of fish. The most convenient temperature for trout and salmon 
is from 39° F. to 50° F. The same temperature is good for those species 
which spawn in winter. For the pike it must be 410 F. to 500 F.; for 
the perch and the whole family of sturgeons, from 57° F. to 61° F.; and 
for those fish which spawn in summer from 68° F. to 77° F. In one 
word, it is necessary that the temperatnre of' the water used for arti• 
ficial fecundation is as near as possible like the average temperature 
in which the species lives that is to be operated upon. .A. difference 
of 6° to 8°, more or less, may stop the fecundation completely. 
After this, one takes a-female fish with the left hand and holds it per-
pendicularly above the vessel. The eggs generally fall into the vessel 
by their own weight, but if this is not the case one presses the belly of 
the fish gently with the forefinger of the· right hand from top to bot-
tom. After having gathered the spawn of the female in the vessel the 
milt is extracted from the body of the male fish in the same manner. 
·when the water assumes a turbid and milky appearance, the spawn is 
mixed with the milt by means of a feather or the tail of the male fish. 
After 5 or 10 minutes the fecundation has operated ; then the spawn 
is washed, the water in the vessel renewed several times, and the eggs 
placed in basins destined for their reception. 
In order to fecundate spawn a peculiar apparatus is also used con-
i. ing of a sieve with a metal tissue narrow enough not to let the' eggs 
through, nor to allow them to be entangled in the meshes. The 
1 • · i · plunged into a vessel filled with water; its sides can be either 
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of wood or metal; but if metal, they must be the same as the tissue, in 
order to avoid galvanic currents, which might hurt the spawn. This 
apparatus is convenient, for it dispenses with the necessity of changing 
the water containing tbe milt. After the· fecundation, it runs out of 
itself through the holes of the sieve. 
The "dry process~, of fecundating spawn, invented by Mr. Vrasski, 
differs from the preceding by requiring two vessels, one for the spawn, 
which is put there without water, and the other for the milt, to which 
water is added to moisten the eggs. This method is extremely advan-
tageous, for in using it scarcely 1 per cent. of the eggs escapes fecun-
dation, while in the "moist method" 10 to 12 per cent. of the spawn may 
be lost. A little spoonful of milt is sufficient to fecundate 1,000 egg~. 
What bas prevented the spreading of this method in other countries is 
the very improbable opinion that it is not applicable to fish which spawn 
in autumn or in winter, or at a low temperature in general. The 
principal conditions of success in the operations which we have just 
described are al ways: full maturity of the eggs and milt, a suitable 
temperature, and rapid execution. 
The following is the method employed for fecundating glutiuous eggs: 
It requires some bunches of aquatic plants, wbicb are carefully washed, 
( Ranunculus, Glyceria aquatica, &c.,) a vessel of the shape and size of 
those used for the preceding operations, and a bucket. The manipula-
tions require three persons. One of them holds the female fish, and 
extracts the spawn from it as dP-scribecl above, while the other extracts 
the milt from the male. The third person stirs the water with a bunch 
of plants, to favor the absorption. The spawn sticks to the plants, 
which are left for two or three minutes in tbe water containing the 
spermatozoids, so as to insure the fecundation of the eggs. Then the 
bunch of plants is washed with the spawn sticking to it, and put in the 
incubating-apparatus. As the fecundation of glutinous spawn requires 
the aid of several persons, and as, besides, the species of fish which 
ba,'e this spawn do not cost very much, it is usually multiplied in arti-
ficial incubating-apparatus, which has the advantage of avoiding almost 
entirely the loss of spawn, which, in the natural course of events, is 
inevitable. The construction of this apparatns varies very much. The 
simplest consists of two pieces of wood joined by several transverse 
pieces trimmed with aquatic plants. Tbis apparatus is put in the w~ter 
several weeks before the spawning-season; then ·it is taken out of the 
water. The plants are also taken out and placed with the eggs that are 
on them in the incubating-apparatus. 
5.-'.l'HE INCUBATION OF SP .A. WN. 
After the fecundated spawn has by itself become detached from the-
fecundating-boxes, it is put in au apparatus with compartments, where 
the incubation takes place. For this operation we may use a shovel, 
or we can also simply incline tlle vase which contains the spawn as near 
500 REPORT OF COMMISSIONER OF FISH AND PISHERIES. 
as possible to the bottom of the box into which it is to go, and pour it 
directly on this bottom. In this operation, care must be taken that the 
eggs do not lie on each other in layers. · If among the eggs there is a 
little coagulated milt, it ought to be first 1washed out. 
The apparatus for incubation and the hatching of young fish are very 
different. Every piBciculturist has his own modPls made to suit local 
convenience and his own individual ideas. The apparatus also varies 
according to the species of fish; the trout, the lavaret, the salmon, for 
instance, requiring cold running water, the incubating-apparatus must 
answer these con'ditions. 
The article of this kind which is most used, on account of its answer-
ing its pu~·pose best, is that of Coste. It is about 1½ feet long apd 1½ 
broad and deep. The lid is formed of two parts, which open by hinges; 
these 'two panels have each a square opening, closed by a net-work of 
metal; the two straight sides of the box have also doors with opening$ 
like those of the lid, likewise furnished with the net-work of metal• 
Inside the box, at the ends and in the middle, there are cross-pieces of 
wood, on which other frames are placed, which are the mo&Jt essential 
pieces of the apparatus; these frames consist of thin plates of glass in 
wooden frames ; as many as four of these are placed on the same cross-
pieces, and the fecundated spawn is put on these glass plates. On the 
bottom of the· box sand is put, in case some eggs should escape through 
the small spaces between the strips of glass. This arrangement bas the 
advantage, aooveaU others, of being easily clea.ned, and not bringing the 
spawn into immediate eontact with the metallic sides, which might 
make it cold, might tear its delicate skin, and might jeopardize the life 
of these frail creatures. 
For propagafing fish on a large scale, the above-described apparatus, 
and other similar ones, are replaced by special incubating-canals, into 
which water is led from a spring or a pond. The arrangement of these 
canals is very simple; the water flows . through a series of wooden or 
stone basins, covered with a net-work, to avoid all obstruction. In these 
basins the spawn is deposited on glass grates. 
To incubate spawn in localities where there is no running water, other 
apparatus is used, the most common being that of Coste. This con-
sists of a filtering-apparatus, which leads the water, through a pipe with 
a cook, into one or two basins made of sandstone or delf, on whose 
bottom gravel is placed; at the end of this basin the curreut divides 
into ~wo, and, through small gutters, the water flows into troughs of 
a Ir l ·to:. ·. placed one over the other and parallel to each other ; every 
one is provided with a slope or gutter on the side opposite to that where 
r be water flows in. In this manner the water which come8 from the 
, , If Ii n and which flows through this whole system of basins form8 
·1 1, 11 it 1•1: I brook. After having flowed through this whole apparatus, 
I i , 1 i collected in a special reservoir destined for the fish which 
• · 11 hatched, and from there it flows out. 
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During the period of 1.ncubation, the spawn requires the greatest care. 
The washing of the eggs immediately after the fecundation is rather 
difficult on account of their delicate outer skin, and this is precisely the 
time when they must be cleaned from all impurities ; for the development 
of parasites is fatal to them at this time. The cleaning of the spawn is 
done by means of the down of a quill or with a soft brush; the spoiled 
efrgs, which can easily be recognized by their pale-yellow color, are 
picked out with pincers similar to those used in anatomy, but differing 
in this respect that, iustead of being denticulated, they terminate in a 
cavity which seizes the spoiled egg without endangering the others. If, 
on account of too strong a current of water, the spawn gets piled up in 
one place, which ought to be avoided, we must immediately diminish the 
current and spread tlrn spawn eveiily over the whole bottom; using 
for this small glass tubes, which are made in the following manner: 
take a tolerably large glass tube, blow a globe at one of its ends, and 
draw out the other end to a fine point; the large opening is closed by 
a stopper pierced lengthwise, through which a thin glass tube is passed. 
In using the tube, stop with the finger the thin end, and direct the 
the tube which passes through the stopper on the spawn, which, as soon 
as the finger is raised, passes rapidly at the same time with the water 
into the globe of the tube. 
This instrument can be used uot only for transporting spawn, but also 
for taking hold conveniently of small newly-batched fishes. 
6.-DEVELOPMENT OF THE EMBRYO AND THE HATCHING OF FISH. 
The egg of a fish is composed of an inner bladder, which, as long as the 
egg is not put in the water, is in iutimate contact with an outer cover-
ing. The inner bladder and its covering are joined by a thin channel, 
which, on the outside, opens by an orifice called micropyle, through 
which the spermatozoids enter the eggs. This opening was first dis-
coYered on the egg of a small bream (Abramis blicca, C.) by a Russian 
scientist, Mr. Baer, of the Imperial Academy of Sciences of St. Peters-
burg, and was next observed on the trout, the salmon, and the pike, &c. 
As soon as the egg bas been brought in contact with milt diluted in 
water, or simply with pure water, the outer covering swells, throng·h 
endosmosis, and separates from the coating of the inner utricle. Dur-
ing this absorption of water through the outer skins of the egg, it is 
absolutely necessary that a spermatozoid with fecundating liquid should, 
through the micropyle, pass inside the bladder. If this is not the case, 
no fecundation takes place. During the separation of the outer skin of 
the blad<ler, the channel intended to introduce the spermatozoid into 
the egg breaks, and communication between the bladder and the outside 
is interrupted; so that, if the spermatozoid has not had time enongh to 
penetrate· into the bladder, it cannot possibly get into it afterward, anci 
the egg remains barren. These observations prove that it is very 
important that the spermatozoids of the milt, diluted in water, should. be 
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still in motion when the process of fecundation goes on, and should be 
alrle to take their course toward the opening of the channel and pene-
trate into the interior of the egg. We have seen that the movement of 
the spermatozoids cease very soon after diluting the milt with water; 
it is, therefore, highly important, for a successful fecundation, to dilute 
the milt and impregnate the spawn with the mixture as rapidly as pos· 
sible. The inner bladder of the egg contains albumen and yolk; this 
latter is at first spread throughout the whole bladder, but after fecun-
dation it all collects on one point and forms a separate yolk, (vitellus.) 
Then the yolk divides into two hemispheres, which again are divided; 
then the vitellus occupies two-thirds of the bladder. Finally it is pos-
sible to distinguish the head, the vertebral column, and the tail of the 
embryo ; andaabout a month before-· being hatched the eyes can be dis-
tinguished in the shape of two black spots. In the lavaret they can 
aiready be seen in J a-nuary. · · · 
The skin of the egg is soft before being fecundated, but after fecunda-
tion it becomes thicker and so hard that it is almost impossible to crush 
the egg between the fingers. Toward the end of the development of 
the egg, the skin secretes a substance destined for forming the hard 
portions of the embryo, and then it becomes transparent, fine, like the 
web of a spider, and so delicate, that at the least outside pressure it 
tears on all sides. 
After the fish has come out, it carries with it the umbilical bag con-
taining a supply of nutritive substance, which is absorbed by means of 
blood-vessels spreading all through the bag. After all bas been absorbed, 
the young being bas the perfect form of a fish, and is called fry,(" alevin ;") 
it now requires outside food. 
The hatching of fish is not done all at once, but gradually, under the 
influence of certain external causes, such ae the temperature of the water, 
the quantity of oxygen contained in it, &c. It is necessary to watch 
the temperature and purity of the water very carefully. Dust floating 
in the air over the water, and various impurities which fall in the water 
and mix at the bottom of the basins with innumerable microscopio 
pieces of vegetable fiber, form tnfts, in which, if the temperature of the 
water is higher than 50° Fahr., myriads of infusoria develop. These 
tufts get into the mouths of the young fish, and, being ejected together 
with the water, obstruct the gills and produce suffocation. 
After having absorbed the umbilical bag, the fish seeks other food. 
The possibility of satisfying this want during the first time has a 
decided influence on the further development. The young fish shows 
by i irst movements an innate tendency to seize food, just as mam-
mal'. immediately after their birth instinctively seek the breast which 
i to ~ive thetn food. As regards the most suitable food for young fish, 
t 1 out and the salmon family chiefly feed on animate matter, e.g., on 
p· · [ or the young of the Oyprinusalburnus, Cuv.; on the Oyprinus 
· .. ,, , Cul"., (or .Aspiu, alburnus, Agass.;) or on fl.sh of the species 
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Ooregonus, Cuv. The young lavarets first feed on insects; but, arrived 
at a certain age, they also eat the spawn and young of the roach and the 
ablet. Young trout and young salmon require running water where 
insects cannot live, while the young of the lavaret requires more 
stagnant water, because the inseets ·which form his food can there 
live and multiply. The spawn of the ablet and other small fish which 
form the food of the trout, the salmon, and the lavaret is obtained in 
every establishment of pisciculture by means of artificial spawning. As 
the young fish during the first time of their existence, if they were 
placed in ponds and reservoirs to increase, would every minute meet 
with innumerable and unavoidable dangers, (fish, insects, &c.,) and 
would perish uselessly, one ought, before transferring the young fish to 
natural reservoirs, to raise them in fish-ponds, which are true nurseries of 
fish. According to the extent of the pisciculturist's business, these fish-
ponds may be merely boxes or ponds! or, in short, any reservoir where 
the fish can be placed under conditions that are favorable to its develop-
ment, and where it can be protected against its various enemies while 
it is still too feeble to defend itself. 
7.-TRANSPORTATION OF SPAWN. 
The most common way of transporting spawn longer or shorter dis-
tances js the following: A wooden pail is used, the bottom and sides of 
which are covered with a damp cloth, which separates the layers of eggs; 
this cloth is always kept damp, and in its stead moss or certain aquat.ic 
plants may he used, between which the spawn is spread. In doing this, 
care should be taken that the eggs do not press against each other, and 
that the pressure of the upper layers does not injure the lower ones. 
The establishment of Nikolsky sends fecundated spawn in this manner 
through the whole of Russia. The glutinous spawn is transported with 
the plants to which it adheres in glass bottles, filled to three-fourths of 
their capacity with water, or in baskets and boxes wrapped up in damp 
cloths. The vessels in which fecundated spawn is transported, especially 
long distances, must always be wrapped in substances which are as little 
as possible-couductors of heat; moss, felt, etc. For the different kinds 
of salmon the temperature must be 32° to 50° Fahr., while for other fish 
it must be higher. 
Whatever means of transportation be employed, spawn must not be 
shipped immediately after fecundation, as experience has shown tl.Jat 
tile best time for this is when the embryo has reached that stage of its 
development when two black dots can be observed in the place of the 
eyes. 
The transportation of fish depends on its age; the younger it is the 
easier it can be shipped. Young fish scarcely hatched are sent in glass 
vessels, the water on wllicll must be changed every two or three hours. 
This frequent change of water may, however, be avoided by passing a 
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current of fresh air through it, which is done by means of a tube dipped 
into the water of the vessel. 
Spring and autumn a~e the seasons most favorable for transporting 
fish. In the summer they are sent by night, being careful to keep the 
water constantly in motion, even when a halt is made. During long 
journeys the water in the vessels is renewed from time to time, and air 
is introduced by means of bellows and a tin tube. 
8.-PISCICULTURAL ESTABLISHMENT AT NIKOLSKY. 
After having spoken of the technical. part of pisciculture, w~ will 
give a detailed description. of the arrangement and work of one of 
the largest establishments of this kind -not only in Russia but in 
Europe. The work done at the establishment of Nikolsky will give us 
a great deal of information and furnish many instructive examyles. 
This establishment is located almost on the boundary-line of the districts 
of Demyan.sk and of Valda'i, (pr~vin.ce of Novogorod,) on the high-road, 
77 versts (about 48 miles) from the Valda'i station on the Nicholas 
Railroad. The highest elevation of the Alaoune Mountains is in the 
districts of Valdai and Demyansk, and these districts are, therefore, 
crossed in all directions by high hills. The valleys formed by these 
hills inclose a large number of lakes, mostly fed by small an.p. rapidly-
flowing streams. The water of the lakes is pure and cold. This locality, 
as will be seen, combines many conditions favorable to pisciculture, 
especially for the breeding of valuable species, such as the trout. M. 
Vrasski, a rich land-owner of this province, has made use of these 
favorable circumstances to found his establishment. After having 
examined the work done in France by Remy and Gehin, and after 
having studied the theoretical part of pisciculture, Mr. Vrasski, in the 
spring of 1854,. made his first experiments on the spawn of eelpout and 
'• jaculus," and finally ou that of the trout. The food of the hatched 
fish presented the greatest difficulties. Meat chopped fine, recommended 
by some foreign pisciculturists, was unsuitable, and inconvenient in 
various ways. The food of young trout during their first E!tage consists of 
aquatic insects, and, from an inborn instinct, they did not seize the pieces 
of meat except during their fall to the bottom, but never touched them 
when motionless. The meat consequently began to decompose, changed 
the character of the water, and the fish died. Mr. Vrasski then thought 
of feeding the young trout with the insects which swarm in stagnant 
water, and obtained favorable results. · The trout produced by him in 
1855 measured, two years later, 22 centimeters, and in some the milt 
, , · matured. After a long series of experiments, Mr. Vrasski achieved 
t l most brilliant results in fecundating spawn, and his experiments 
•11 him to the discovery of a new method. 
I n ~ I 'r to fecundate eggs, it is necessary, as we have said above, that 
z i contained in the fecundating-liquid of the male fish 
t ioto the eggs laid by the female. For this purpose it 
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was necessary, according to the m~nual 'Yhich Mr. Vrasski followed, to 
press the spawn from the females into a vessel filled with water, to 
place the milt of the males in another vessel, and, after having diluted" 
the fecundating-liquid, pour it into the vessel containing the eggs. Mr. 
Vrassky had meanwhile observed that fecundation was less successful 
if there was any long.interval between the time 9f extracting the spawn 
from the female and the time of its coming in contact with the milt. If 
this interval exceeded ten minutes, fecundation failed almost entirely. 
By numerous microscopic observations made with Dr. Knoch, a learned 
embryologist, Mr. Vrasski convinced himself that, ·in coming in contact 
. with water, the spawn absorbs this liquid, and ·that the process of 
absorption takes no long~r than half an hour; but that spawn placed 
in a vessel in a dry state remai:{ls a long time without changing, 
and without losing its property of absorbing water an:d of receiving 
spermatozoids. The spermatozoids of the milt, when brought in con-
. tact with water, make violent and rapid movements, which, however, 
last only one and a half or two minutes, while milt kept dry in a vessel 
or on a glass plate preserves its qualities for several hours, during which 
time the spermatozoids show under the microscope the same rapid 
movements which they make in water the moment they leave the body 
of the fish. In making experiments with the river-perch and the 
Acer,ina vulgaris, O., on milt that had not yet reached its mature state, he 
found that some drops of milt ke'pt in a 'perfectly dry and wel\-closed 
cylinder had not lost their original qualities, even after six days in the 
ordinary temperature of a room. By combining these data with the 
circumstance that spawn and milt when taken from the bodies of :fish 
do not come out all at once, but run out gradually and slowly, Mr. 
Vrassky arrived at the conclusion that, by putting the spawn and the 
milt immediately in water, the larger portion of the eggs have time 
enough to get completely soaked, and that the majority of the sperma-
tozoids lose their movements before the pisciculturist has time to mix: 
the prolific water with the spawn. Then Mr. Vrasski commenced to 
put spawn and milt in vessels without water, and to pour the fecundating-
liquid over the eggs immediately after having diluted the milt. The 
results were entirely satisfactory, for not a single egg remained barren. 
After having achieved such a brilliant success in fecundating spawn, 
Mr. Vrasski associated himself with ~wo others, with the view 
of foul).ding an establishment on a large scale. For this purpose he 
used the Pestooka, a river which joins Lake Pestow (l¼ miles long) and 
Lake Velio, (about 4f miles long;) with the water of this river he fed 
several basins and fish-ponds, where the water could be made to rise or 
fall by means of water-gates placed farther up the river at the place 
where it leaves Lake Pestow. 
The building, built of wood, on stone foundations; is 12 sagenes (84: 
feet) long, and 6 sagenes (42 feet) broad. 
The water of a pond is conducted into the est8tblishment by !fieans o(, 
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a subterranean pipe, and flows into a tub called a "leveller;" this is made 
of two joists, is 7 feet high, and 4 feet 8 inches long and broad. Frotn 
this reservoir water is distributed through the whole building. In the 
middle of the building there is a large basin fed with running water, 
which serves as a fish-pond for the male propagators and the females. 
It is made of plrmks, 49 feet long and 9 feet 4 inches broad; it is divided 
into several compartments, into which propagating fish of every kind are 
placed separately during the period of fecundation. 
Parallel to this fish-pond there are, ou every side, eight smaller basins, 
made of flagstones and supported by brick arches; each of these basins 
is 23 feet 4 inches long, 3 feet 6 inches broad, and 10½ inches deep. A pipe 
coming out from the bottom of each of these basins feeds them with filtered 
water, which is kept¼ of an inch high; after having flowed through these 
basins, it flows out through a common outlet-pipe. The water of these 
basins is so pure that it is possible to discern the smallest straw at the 
bottom. In these basins not only the fecundated spawn is kept placed 
in small square troughs, but also the young fishes, which, till the time of 
their being placed in the lakes and ponds, are there fed with larvre of 
insects and with young ablets, which are expressly raised in the establish-
ment for this purpose. On every side of the "leveller ,, .there are two 
square boxes for filtering water through layers of sand and flint stones; 
from these boxes the water passes into a third filter, and flows into the 
boxes where the fecundated eggs are washed. 
For raising fish the establishment has, besides the lakes and the river, 
five ponds with running water, placed one higher than the other. There 
the young :fish which have reached a certain degree of development are 
transfP.rred from the basins in the building; there, also, the propagati"~1g 
fish are kept. The development of embryo is entirely successful; and 
this result is due as much to the " dry process" of fecundation as to the 
arrangement of the boxes with compartments, and :finally io the low 
temperature of the water (35° F.) in which the eggs are devel-
oped. In other countries the eggs of trout are kept in a temperature 
several degrees higher than that of the water in the Nikolsky 
establishment, which induces the development of plants and minute 
ani.Jllals, which are injurious to the eggs. At Nikolsky the sand 
(which has been previously washed in boiling water to destroy all 
animal and vegetable germs) and the eggs are fl. ve weeks after fecunda-
tion as clean as at the time the.v were deposited, while in foreign estab-
lishments they are obliged almost constantly to clean them from ·the 
sr, • • •:i rasitical plants and animals. At Nikolsky hatching goes 
on low r than in foreign eetablishmen~, which is but the natural result 
of the I( · temperatDl'e of the water; but the slow development of the 
JI· , n has this advantage, that the embryo grows more regularly, and 
I young come forth precisely at the time when insect-larvm 
u t, so that they are sure of their food. The trout and the 
· l'I' I spawn in November, and 'thus in foreign establish-
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ments, at the comparatively high temperature of 43° Fabr., the young 
fish develop and require animal food as early as February, a season 
of the year at which it is impossible to get insect-larvre; it is there-
fore necessary to feed the fish on chopped meat, which, besides being 
expensive, changes the nature of the water and occasions a loss of fish. 
In our establishment, however, the development progresses more slowly, 
so that t,he young fish, which at first requires no food (the umbilical 
bag, as we have said before, is during this first stage of development 
absorbed by it,) is batched in April, and becomes a young fish in the 
middle of May, when a large variety and abundance of suitable food can 
be found in every sheet of water. This food consists of living aquatic 
animals and insect-larvre, which are gathered with muslin nets. At 
the end of May the young of the ablet, ( Oyprinus alburnus, L.,) taken 
im-mediately after being hatched, are added to this food. 
During the period of raising the young fish in the establishment, 
sp~cial care must be taken to prevent the drowsiness or sleep of the young 
fish. In a low temperature everything works well, but as soon as the 
temperature of the water is elevated, the young fish show a certain 
restlessness in their movements; they gradually seek that part of the 
apparatus which receives the water fresh from the feed-pipe, and there 
they gather in compact masses; their respiration is accelerated, the 
mouth remains open, and the gills move with an effort; then the tail 
and head grow pale, and finally the fish dies. This sickness increases 
in proportion to the heat of the water; and the more sudden the tran-
sition from cold to hot the quicker does the young fish die. This circum-
stance is explained in the following manner: vrater, like all liquids, bae 
the property of absoruing gases. The quantity thus absorbed increases 
when the temperature gets lower, and is less when the water is kotter. 
This property of water is especially important with regard to oxygen, 
which is one of the elements of the air, and which can continually dis-
solve in water. The absorption of oxygen by water has an immense 
influence on the life of fish. The young fish through its gills is con-
stantly inhaling oxygen contained in the water, which passes into its 
mouth and decomposes its blood. At the same time it ejects with the 
water carbonic acid, which is a superabundant element in its organiza-
tion. If t.be water contains less oxygen than is required to oxidize the 
blood, the gills change their lamellre, and their fringes agglu.tinate, de-
compose, are covered with parasites, and the want of oxygen necessa-
rily brings about the death of the fish. The necessity of oxygen forces 
the young fish toward the place where the water has not yet become 
saturated with carbonic acid, viz, toward the opening through which 
the compartment is fed with water. Each fish seeks to drive away the 
other to get sooner to the fre8h water; the feebler ones have to give • 
way, become still feebler, and perish on account of insufficient respi-
ration. To avoid this suffocation of the young fish, the following methods 
are employed at Nikolsky : 
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1. Through the box, with compartments at a certain distance from 
each other, and at a convenient height above the boxes, zinc pipes are 
placed, pierced by straight openings, joined to each other, and at their 
ends to other larger pipes. Some of the water coming from the filters 
in this way flows out into the box, through the openings of the pipes, 
in the shape of a :fine rain. .All these small drops of water pass through 
the air during their fall and become saturated with oxygen; in striking 
the surface of the water, they refresh it with diminutive drops, which, 
rising and falling, increase the absorption of oxygen. 
2. To renew in the water the oxygen destroyed by the respiration of 
the fi~h, air is also blown into it by means of bellows. This method is 
particularly useful, because the air, entering the water from above and 
below, ~nly passes through it slowly, being retarded in its progress by 
the pressure of the upper layers. Moreover, the contact between the 
water and the air is more complete, and is brought about on compara-
ti vely larger surfaces, which, of course, causes a greater absorption of 
oxygen. In following this method, care should be taken to blow air 
into the water for a tolerably long 'time; and if it is impossible to do it 
continually, it should at least be done in such a manner as to let this 
aerating process go on, not only in one place of the box, but throughout 
its whole extent. 
· 3. As, independent of the respiration of the young fish, the decrease 
of oxygen is brought about by heightening the temperature, this incon-
venience is remedied by putting ice in the :filters or in the boxe.s, the ice 
being put in special receptacles, so that it cannot communicate its 
impuritie~ to the water. 
Jointly with this method, the following is also employed : as soon as 
the temperature of the water commences·to rise, the embryo, even if it 
should not yet have reached the state of young fish, is transferred to the 
ponds, where, as much as possible, it is placed in the bed of the Pestooka 
River, which flows through all these ponds. 
The extent of the establishment enables it to fecundate annually 
5,000,000 lavaret • eggs, 2,000,000 trout eggs, and more than 1,000,000 
salmon eggs. The basins and nurseries are large enough to raise and 
feed every year more than 600,000 fish.. Besides this, the establishment 
can prepare for the trade about 1,000,000 eggs which have reached that 
stage of their development when the eyes of the embryo can be dis-
cerned through the skin. · 
The establishment of Nikolsky, for the foundation of which, inde-
pendent of the personal funds of the founder, the government has 
granted a subsidy of 30,000 rubles, (•21,000 gold,) was, till the year 
1868, under the direction of a society of piscicultnrists but since that 
•·1r it has become the property of the national tre~snry, and is at 
l · under the department of agriculture and rural industry. As 
1 1 r a it r, s in the hands of priYate individuals, its aim was almost 
White-fish, ( Coregonu.) 
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exclusively a commercial one; i. e., the sale of fish raised in the estab-
lishment particularly to the two capitals, Moscow and St. Petersburg. 
But afte; it became the property of the government, the establishment 
bas in piscicnlture assumed the same place as a model-farm in agricul-
ture, or an acclimatizing-garden in horticulture. 
Three methods are known of propagating new species of fish: 
1. The transportation of grown mal_e and female fish to a certain given 
locality. By this means salmon and salmon-trout have, in 1852, been 
introduced in Lake Peipns; but by this means but a very limited 
nu1nber of fish can be propagated in a river or in a lake, as, on account 
of the vast extent of these natural reservoirs, there is very little chance 
of the two sexes meeting at the proper season and iri a favorable place, 
so that this method is far from insuring the multiplying of the species. 
2. The transportation of feeundatecl spawn by natural mea,ns from 
one reservoir to another. This method is often followed, and in many 
cases it leads to good results; but it could not be applied under- aU cir-
cumstances, for many fish spawn at a great depth, or in inaccessible 
places. 
3. The transportation of spawn that has been fecundated artificially. 
This method answers the purpose best. 
The establishment of Nikolsky is in a locality which communicates 
with the basins of the Volga, and the Ladoga. It is only one verst (five-
eighths of a mile) from Lake Velio, which, through small rivers and a 
lake, communicates with Lake Ihnen. These rivers are the Yavon, the 
Polla, and Lake Seligher, which, through the Selijarooka Ri·rnr, bas a 
communication of about sixty miles ju length with the Volga. Thus 
the establishment combines the climatic conditions of the basins of ·the 
Volga and the Ladoga-conditions which are very favorable to the accli-
matization of fish from one basin to the other. The common lavaret, 
for instance, does not exist iu the basin of the Volga, while it abounds 
in that of the Ladoga; the latter, on the contrary, bas no sturgeon, 
while these are very common in the Volga. The establishment has, 
therefore, made it its object to spread in the basins of Russia those species 
of fish which are wanting, but which, as far as the quality of the water 
and the climate are concerned, might be introduced there, and which, by 
their price, might offer great advantages to :fishing-industry. With · . 
this view, the introduction of lavarets into the basin of the Volga was 
undertaken. Numerous species of this fish, as we have said. above, are 
found in the basin of the Ladoga, while in that of the Volga only a single 
one is found, the large and excellent species of white lavaret, called in 
Russian "Belorybitsa." As the place of transportation, Lake Seligher 
has been selected, where every year several thousand lavarets one and a 
half versbock to three versbocks (two and a half to five inches) in 
length are let loose. 
The success of this attempt can no longer be doubted, considering 
that the fish loosened in the Volga constitute the second generation of 
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Iavarets bred and raised in the establishment and completely acclima,. 
tized in a locality midways between the basin of the Ladoga (the home 
of these species) and that of the Volga; so that these fish in being 
transported to the latter do not undergo any material change of natural 
influences. 
Among the species of the sturgeon kind it is principally the sterlet 
(Acipenser ruthenus, L.) whose artificial breeding has long since attracted 
the attention of Russian and foreign pisciculturists. The attempts at 
artificial fecundation of this valuable species made in Russia in 1869 led 
to excellent results, and during the course of the year 1870 the ministry 
of domains was able, at the request of the British gornrnment1 to send 
several thousand sterlet-eggs to Scotland; these eggs arrived safely at 
their destination, packed in tinned copper vessels, and were placed in 
the rivers of that country. 
Since 1870 the piscicultural establishment of Nikolsky has made ex-
periments in multiplying sterlets in lakes and ponds. The former experi-
ments in multiplying these fish by letting grown fish loose had always 
failed. The fish lived, grew, bu~ they did not increase ; which circum-
stance induced the erroneous opinion that it is absolutely impossible to 
multiply sterlets in ponds and lakes. The cause of this failure not 
having as yet been studied exactly, the belief may be allowed that this 
opinion does not rest on a solid basis. Of all piscicultnral establish-
ments, that of Nikolsky, being in Russia, the home of the sterlet, has 
the exclusiYe opportunity of studying and of solving definitely the prob-
lem of multiplying this fish in lakes and po~ds; the experiments whi.ch 
have been commenced for this purpose are still going on and will be 
continued till definite results have been obtained. 
In 1871 the establishment of Nikolsky commenced to sell fecun-
dated spawn and hatched fish with the view of giving private indi-
viduals anopportunityofintroducingvaluable species at a moderate price, 
into their own waters. The spawn is delivered by the establishment in 
that stage of development when the eyes can be discerned through the 
skin. From the time that the establishment has advertised the sale of 
spawn and of hatched fish, it has received orders from different parts of 
the empire amounting to several tens of thousands of eggs, as well as 
of hatclied ti.sh of the trout, the salmon, and the lavaret, delivered at a 
fixed price; besidt,S this, about 2,000 eggs are sent gratis every day to 
the Academy of Forestry and Agriculture at Petrovsky, near Moscow. 
Spawn is sent to the most remote Rrovinces of the empire, for instance, 
to the province of Stavropol, without undergoing the slightest change. 
It is remarkable that the spawn sent to the Academy of Petrovsky 
when he cold was severe, froze during the journey in spite of its being 
co · ·1 ,, . and thawed in cold water on its arrival at Moscow, has not 
u 't·r in the least, and that of 2,000 eggs only ten were not hatched. 
p, 11 1 ·1 u. J r ·• partly as merchandise by express train, and partly, 
u 1 1 t 11 · ·mthorit of the minister of the interior in the mail cars. 
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The fish are sold from the age of six weeks to two years; the prices 
fixed for spawn and fish are the following: . 
Gold. 
1,000 trout or lavaret * eggs, fecundated, and having reached the 
stage where the eyes can be discerned~ ............ - .. - - .. - . $2 10 
100 young trout, six weeks old and able to seek their own food.. 2 10 
100 trout or lavaret, three months old ..................•.. - . - . 3 50 
100 trout or lavaret, six months old ............ .............. -- . 5 60 
100 trout or lavaret, one year old . ............................ 10 50 
100 trout, a year and a half old.......... . . . . .. . . . . . . . . . • • . . . . • 17 50 
100 lavaret, a year and a balfold ........................ - . -- -- 14 00 
100 trout, two years old ......................•.... - - ........ - 24 50 
~O~ lavaret, two years old .................................... 17 50 
100 trout, two years and a half old ............. ~ . . . . . . . . . . . . . . 31 50 
100 trout, three years old ...............•...•...•.. - . . . . . . . . . 38 50 
The sale takes place at the following dates : Eggs, from the 1st to 
the 13th of January to 15th and 27th of March; hatched fish, from 1st 
to 13th March to 1st and 19th of June; trout and lavaret, one month 
old, in Septern ber and October. 
9.-PISCICULTURAL ESTABLISHMENT AT SUW ALKI. 
We think it our dnty to mention, after the piscicultural establishment 
of .Nikolsky, another establishment, founded by the government in the 
province of Suwalki, with the view of increasing the revenue from local 
fisheries. 
This establishment is located in the water system of Lake Wiczera, on 
the Ganeza River, which, near the town of Suwalkf, flows through Lake 
Wiczera and falls into the Augustovo Canal. It commenced operations 
in lSGO, deyoting itself chiefly to the breeding of trout, salmon, and the 
two very rare species of lavaret found iu these lakes ; the " seja, " 
(Gore,qonus marmna,) and ·the'' seliava," (Coregonus albula,) species which 
are not so rare in the countries bordering this province on the west. 
· The fish raised in the establishment either from spawn artificially 
fecundated received from other parts, or from spawn fecundated at the 
establishment, have been placed in the lake. The species to which they 
belonged have in this manner been introduced in sixteen lakes in the 
proviuce of Suwalki belonging to the government. The labors of the 
establishmeut have exercised a favorable influence on the revenue derived 
from the fisheries on Lake Wiczera, so that the revenue from fisheries, 
wliich in 1860 brought 120 rubles ($84) per annum, has risen to 700 
rubles ($400) in 1869, while the amount of annual revenue from the 
Lake of Augustovsky has risen from 1,600 rubles to 3,300 rubles, 
($1,120 to $2,310.) 
The larnret has been propagated to such an extent that at present 
thb; fish is sold smoked on the Warsaw markets, ~bich never was the 
* Wltit.e-fisb, (Coregonus.) 
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case in former times. This fl.sh, entirely unknown to the trade, was 
formerly only found in very insignificant numbers in Lake Wygri. 
Among the private establishments we ought not to. pass in silence 
that of Senator Zeumern located about 22 miles from -St. Petersburg, 
which chiefly raises trout. 
10.-PISCICULTURE IN FINL.A.ND. 
In Finland, piscicnlture .has assumed vast dimensions; there are at 
present in that country more than ten large establishments, w·hich pro-
pagate valuable species of fish, such as the trout, the salmon, and the 
lavaret. 
The man who bas done most for pisciculture in Finland is the famous 
pisciculturist Holmberg, who, in 1862, became inspector of piscioo.l. 
ture in that country. He bas personally contributed toward the found~ 
ation of the following establishments: at Stokfors (province of Wyborg) 
on the coast of the Gulf of Finland; on the branch of the Kioumene 
River called Soutte; in the town of Tammerfors, where the establish-_ 
ment is fed from the falls of the same· name; and at Aborfors on a 
branch of the Kioumene River. This last-mentioned establishment 
propagates the salmon of the sea. ' 
Through the active and enlightened assistance of Mr. Holmberg, the 
establishments of Swarta (Province of Newland) have been founded on 
the river of the same name. There they principally propagate the lava-
rc3t, the salmon, the trout, (Salrno fario, L.,) and the carp. It has been 
observed at this establishment that a salmon which measured 14½ inches 
and weighed nearlyl½ ponnds in Augast, 1863, had in the month of Octo-
ber attained the weight of 1! pounds and the length of 17 inches. It bad, 
therefore, in two months grown in length 2~ in~hes, and in weight more 
than¼ pound. The carp intended for propagating have been brought 
from Lubeck in 1861. We may also mention the piscicultural establish-
ment of Kroneburg, on Lake Ladoga. Those of Kioumene, located at 
several points on the river of the same name, near the Gulf of Finland, 
that of Keksholm, on the Island of Sikkolauter, between the sources of 
Wo1rnha and the hills of Keksholm, &c. The fecundation of spawn in 
these Finland establishments has at first been carried on according to 
the" moist m'3thod" introduced there from Norway; but since 1862 the 
"dry method," invented by Mr. Vrasski, has been followed with great 
success. 
Regarding the raising of young fl.sh, we must remark, that in the 
l~rger number of piscicnltural establishments in Finland the young fish, 
remain only for a very short time in the building, and as soon as it 
ha .1 • • ·• 1 ·, I the umbilical bag it is let loose in the rivers. 
ti 11 '1, the young of the .Aspius alburnuB, Agass., are used, raised 
I'··~ 1. for this purpose; the lanm and cocoon of the viviparous fly, 
( ,, · 1 Ii '!I'' carnaria Cu ·. Musca carnaria, L.) and finally flesh of fish 
,. 1 ,, 1 • l fine. 
• 11111011 :11,• particularly fond of quire young ablets; thus in the 
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establishment of Swarta it bas been observed that young salmon would 
in a few moments devour seven or eight little ablets. 
Independent of the establishments which are employerl in the propa-
gation of." winter fish," there are in Finland many other establishments 
which raise the several kinds of "summer fish," the perch, the bream, 
&c. · These establishments are found throughout the whole interior of 
the country, and their number increases every day, for they require 
neither any very great expense for starting, nor much care in working 
them. 
0-REPORT ON THE STATE 01!, PISCICULTURE IN FRANCE 
AND THE NEIGHBORING COUNTRIES. 
BY M. BOUCHON-BRANDELY, .Assistant Secretary of the College of •France. 
[Report to the minister of public works in 1873, translated from the French by H. 
I · Jacobson.] 
1.-INTRODUCTORY REM.ARKS. 
Pisciculture, which, in the College of France, has developed so rapidly 
under the direction of our celebrated physiologist, M. Coste, and of M. 
S. Chantran, is a science which ought to hav.e a place in the system of 
instruction. , 
The mission which you have confided to me has enabled me to trace 
the outlines of an economical and practical treatise, which. I shall soon 
have the honor to present to your exceJlency in complete shape. 
We know from the reports of Mr. Ashworth how much Great Britain 
has profited by the national enterprise of M. Coste, since as early as 
1860 the salmon-fisheries of Scotland and Ireland alone amounted to 
more than £800,000. Germany, Belgium, and Holland have likewise 
profited from our establishment at Hliningen, which ha.s been organized 
under the direction of M. Coste, thus putting to practical use a discov-
ery in physiology. 
The countries which I haye visited, Switzerland, Austria, Italy, all 
equally show signs of remarkable progress, which is due to the lead 
taken by France. 
It would be very much out of place in our day to trace to the an-
cient inhabitants of China and India discoveries to which they were 
perfect strangers. We must not confound pisciculture, properly so called, 
with the art of fishing, which at all times and in all countries of the 
globe has been held in great honor; and Remy has certainly not got · 
his idea of fecundating spawn artificially from the annals of the celestial 
empire. Nor had the College of France to look for advice to India 
or China in making its first scientific attempts, which have been 
crowned with such signal success. Not much time was consumed in 
developing this first great idea, and Hiiningen was established. The 
S. Mis. 74-33 
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favorable results which had been obtained are at the present day in 
danger of being lost. 
The idea bas been broached of replacing Hiiningen by an establish-
ment in France organized on the same plan, but your excellency will 
see from the concluding part of my report that, in order to meet satis .. 
factorily the demands of pisciculture, you ought to mcrease the number 
of establishments by diminishing the importance of each one. 
Professor Joly, of Toulouse, has, in 1866, published a report on rive:c 
pisciculture in France, which gave rise to the brightest hopes. The dis. 
asters which have fallen on our unfortunate country have again made all 
this questionable; but if we have lost Hiiningen, the laboratory of 
the College of France still exists and continues the work commenced 
at another period under such brilliant auspices. From that institution 
comes the impetus, aµd I had new proof of this during the tour which ~ 
have just made through Switzerlan~, Ari.stria, and Italy. · 
2.-SWITZERLAND. 
Switzerland, more than many other countries, has profited from 
the new science of pisciculture, and the progress made in that countr.r 
deserves to be widely known. The federal government, the cantonal 
governments, and private individuals saw that this science contained a 
new and fruitful source of wealth for a country whose waters are of 
such excellent quality and are so well distributed. Pisciculture has 
made Switzerland its adopted country. Establishments have been 
founded by cantons and by private individuals. To these last men-
tioned the State granted great privileges, and the fishing-laws protect . 
them, and at the same time favor their experiments. 
In Switzerland, as in France, the number of fish in rivers and lakes 
decreased rapidly, and in spite of their great wealth of fish it was high 
time to remedy this matter. Artificial pisciculture has supplied the 
remedy, and at present the fish increase as fast as they are d'3stroyed. 
Before rev:iewing the establishments which I have visited, I must 
m~ntion a fact selected from a large number: the inhabitants of the 
village of Vallorbe, near Jougn~, about twenty years ago lived from the 
:fisheries in the river Orbe. By exhausting this river, which was espe-
cially rich in the salmon kind, without ever replenishing it, the fishers 
and their families were reduced to absolute want. The observations of 
ltt•my, confirmed by experiments made at the College of France, reached 
the 1·,11 "' of the schoolmaster of the village ; he first studied pisciculture 
t h ·1 ,1, r ir•:dl.t , and finally attempted some experiments, which were 
·rnw11 ·ti "1 th success. Tbe inhabitants of the vUlage anxiously but 
111,• h II incredulously followed the different phases of the artificial 
~ 1·l 1in :! flt' ri h-1" ~-1, which went on under the most favorable condi-
, ·1 · ·1 1, became interested in these experiments, and several 
" •1 annually appropriated for aiding the schoolmaster 
· . At the present day the river swarms with fish, and 
THE HISTORY OF }'!SH-CULTURE. 515 
according to the official report there are eighty families which live en-
tirely off the fisheri~s. · 
The first ·establishment which we visited in Switzerland is that of 
Dr. Vouga, a learned and conscientious man. Every pisciculturist 
knows Dr. Vouga by rep~.tation, and at the last scientific congress held 
at Lausanne a conference regarding his work was held, and was greatly 
appreciated by scientists._ His method of artificial fecundation consists 
in placing the eggs in a vessel without water and then pouring in ~he 
milt. Of 6,000 eggs which he thus fecundated last year not one proved 
a failure. The establishment of Dr. Vouga has not yet been entirely 
organized, but it has already rendered excellent service, and the river 
Reuss, which is farmed by him, is now, through his exertions, com-
pletely stocked with fish. 
Mr~ Hasler, of Interlachen, is an intelligent and practical man, who by 
himself has learned all the secrets of piseiculture; he makes many 
experiments on the nature of the water and its influence on the devel-
opment of fish! His establishment is fed from a very pure spring and 
from the Lutschine, a stream formed by the glaciers of ~he Jungfrau. 
Mr. Hasler has carried on piscic·u1ture for four years only, and he pos-
sessetdhe most remarkable specimens of fish, which he has bred and 
raised artificially. The question of food constantly occupies his atten-
tion, and we believe that the system he has adopted, and which consfsts 
in putting· the young fish in water which was but seldom renewed, 
allowing the infusorim to develop, will prove very satisfactory in the end. 
The cantonal establishment at Zurich, located at Meilen, has been in 
operation for sixteen years; it is destined to replenish the Lake of 
Zurich from the waters which feed it, and to improve the species found 
in that part of Switzerland. The government annually appropriates 
the sum of 3,000 francs for this establishment. 
Every year, in the month of October, the government orders the fish-
ers to gather, at the· sources of the Rhine, salmon destined for repro-
duction. These salmon are placed five in a cask filled with water and 
capable of holding from 400 to 500 liters, (87½ to 109 gallons.) They. 
are sent to Zurich by railroad, and from there to Meilen by steamer. 
During the journey the water is renewed three time~. At Meilen they 
are placed in water to await the time of maturity. 
In the reservoirs of the establishment very fine lake-trout are k~pt, 
with which a cross-breed is produced. The object of this crossing is to 
produce a variety of th~ salmon kind, having the shape and quality of 
the salmon, and preserving at the same time the habits of the trout, 
i.e., it is desired to p_Foduce a stationary salmon, staying in the waters 
of the lake, without feeling the necessity of going into the sea. It is 
believed that this result has been obtained, and it is even thought that 
this ci:oss-breed is capable of reproduction. The person wh·o is at the 
head of this establishment has assured us that this is the case, and the 
experience of Mr. Samuel Chantran, of the College of France, has proved 
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it. The specimens shown to us were, without a single except.ion, very 
fine, and even if this were the only result obtained, it would be a great 
step toward improving the species. 
A million of young fish are every year thrown into the lake of Zurich, 
which, without this precaution, would not contain a single trout on 
account of the mpid increase of fish of prey, especially of pike. 
The establishrpent of Mr. Massart, of Berne, is one of the most com-
plete and best organized which I have seen, and shows the great expe-
rience of its proprietor in pisciculture. It is located on the banks of the 
river Aar, seven or eight kilometers (4½ to 5 miles) from Berne. The 
water which feeds the basins fs of' two kinds-spring water and rlver 
water; during summer the latter is used, because it is more abundant 
and carries with it more alimentary matter than spring water; it is 
besides just as fresh. at this time of the year on account of the .snow 
melting in the mountains, which are very near. Spring water is used 
during winter and for hatching. The basins of the establishment are 
small but deep; the largest only measures 80 square meters and has a 
depth of perhaps 2 meters; they are dug into the ground. 
Mr. Massart, like all piscicultnrists who are obliged to experiment in 
order to learn, has, in the beginning, ~et with many failures; but by 
perseverance be has succeeded in averting the misfortunes which 
seemed especially to strike the young generations. It is well known 
that the most critical moment in breeding fish is that which follows 
immediately after the absorption of the umbilical bag. During this 
period, which lasts at least four to five months, the young fish are fre-
quently attacked by what is commonly called malady of the gills, and 
at this moment the choice of food is a matter of the greatest importance. 
Mr. Massart places his young salmon, two weeks before the absorp-
tion takes place, into a large basin, which is not very deep, and but 
sparingly fed with water, and which remains almost entirely dry for 
sernn or eight months of the year. During this time the infusorire 
ha\re time to develop, and when the young fish are placed in the basin 
they there find a food which is suitable for their age. 
Mr. Massart actually raises 20,000 trout every year, and besides fur-
niE:&bes the Pr.ussiati administration at Hiiningen with millions of eggs, 
which are from there sent to different parts of Europe. 
Large numbers of white-fish live with the salmon, and serve them as 
food. Mr. Massart adds to this boiled corn made into a paste. It will 
acarcely be necessary to say that pike or perch, as soon as they show 
themsf'lves in the waters of the establishment, are immediately killed. 
This piscicaltural establishment is destined to a great development, 
and will render great ser\"ice· to the city of Berne. The government 
has given Mr. Massart tbe right of fishing at every season of the year, and 
•· :1 ·11 •· .t tch over his property. A neighbor, who was convicted 
of 1: ·in rr .ik · two trout out of his basins, was arrested by the can-
ual I' i • • and had to pay very dear for this transgression. 
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Since that time Mr. Massart has had n0thiug to fear from trespassers. · 
Fishers who catch fish which have not yet attained their regular size 
must throw them into the basins of the establishment if they are alive; 
if dead, they are confiscated and given as food to other :fish. 
Mr. Massart has also made in~resting experiments with a view of 
determining the influence of different waters on the development of 
:fish. From the specimens which can be seen with him, one arrives at 
the conclusion that rapidity of current and fresh water are essential 
conditions for raising salmon. 
In concluding our Swiss review we must briefly mention the establish-
ment of M. de Loes, at Aigle, in the canton of Vaud, and the measures 
which the cantonal government has taken for replenishing their rivers. 
M. de Loes, like Dr. Vouga, is a corresponding member of the Acclima-
tization Society. His experience is very valuable, .and the federal 
government bas understood this so well that it has intrusted to M. de 
Loes the entire administration of pisciculture in the canton; and, thanks 
to his exertions, there will soon be no lack of fish ih the lake of 
Geneva, in the river Rhone, and the rivers of the canton. 
At the request of M. de Loes, the government has established two 
fish-ponds at Lay, near the banks of the Rhone, where those :fish are 
kept in reserve which are destined for reproduction. A government 
commissioner has to examine the :fishing, and retains those :fish which 
are to form part of' this reserve. As :fishing in this part of the river can 
only take place during the spawning-season~ since salmon and trout only 
come there at that period, suitable fish are easily selected. Later, these 
:fish are returned to their owners, who would lose all their privileges if 
they would refuse to submit to t,his arrangement. This excellent idea, 
somewhat modified, has been put into practice in ·two rivers of tbe 
canton of Vaud, the Thiele and the Arno, and the persons who rent 
the fisheries are obliged every year to deposit some fecundated eggs in 
the fish-ponds established near each of these rivers. 
M. de Loes is subject to the same conditions as regards the canal 
running parallel to the Rhone, in which he is authorized to fish during 
the whole season. His hatching-establishment is well organized, and 
enables him to :fill a11 the orders se6t to him. After having procured all 
the :fish he wants, he places them in his basins, waiting for the moment 
favorable for reproduction. The eggs are then placed on an apparatus, 
which receives water from an excellent spring in the mountains. 
The hatching-procesg, which is always entirely successful, is conducted 
·partly on sand and partly on clay. 
The establishment for raising :fish, located somewhat lower in the val-
ley of the Rhone is fed from a very abundant spring, forming a brook, 
whi~h M. de Loe~ has developed to the length of one kilometer,(! of 
a mile,) by making it twist several timefJ in a square, each side of which 
does not measure more than 100 meters, (328 feet.) Small lakes are 
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arranged at certain intervals, and deep and well-shaded holes serve as 
a place of refuge to large numl;>ers of fish of every age. 
The results obtained by M. de Loes are very remarkable; and this 
learned pisciculturist has not yet said his last word in the matter. 
From time to time piscicultural meetings are held in the canton; in 
order to make_ known all the secrets of this new science, which is .des-
tined to be of the greatest importance for Switzerland. We must con-
fess we would like to see this practice introduced in France. 
Numerous societies have been formed, especially at Fribourg, throug}J 
the exertion of M. de Boccard, and in the neighborhood of Aigle, of 
which I will speak in another place. 
3.-ITALY. 
The necessity for replenishing rivers has not yet been felt in Italy as 
much as in other countries of Europe. This country, on account of its 
!eographical position, offers exceptionally fine opportunitfos for fishing, 
and the seas which surround it on nearly all sides supply all the wants 
of its population. ,As in Switzerland, so there are also in Italy, many 
lakes containing various kinds of excellent fresh water, but Switzerland 
has no sea-fishing, possessing only its lakes, which would soon be ex-
hausted if they were not constantly being repleilisbed. 
The rivers and brooks of Italy are, with few exceptions, dry during a 
great part of the year. Those water-courses which never dty up entirely 
experience such a large increase of water at the time when the snow 
melts, that it would be useless and even imprudent to found piscicultural 
establishments. 
They do to-day what they have done for centuries. At Venice as at 
Naples, nothing is changed. At Commachio the same plan is followed 
as that which has been so well described by M. Coste. In the citieR of 
the Adriatic and the Mediterranean, Ancona, Beri, Brmdisi, Civita-
Vecchia, Leghorn, Genoa, &c., the resources of the sea are· in.exhaust-
ible. But it is none the less true that the persons who are at. the bead 
of the administration fully understand the necessity of revising the fish-
ing Jaws, and a project for doing this will soon be laid before the Italian 
Parliament. 
In Italy also the laws have become insufficient for protecting the fish-
eries; and waste, the use of hurtful.:fi.shiug instruments, and the conse-
quent destruction of fish, have made protective measures nece.ssary. 
There is onJ:y one step from this to understand the necessity of replen-
ishing those rivers which offer favorable conditions for so doing; and 
sooner or later the government will be obliged to interfere in the mat-
ter. 
4.-AUSTRIA.. 
l i r i mlture bas on]y been introduced into Austria during 
., • • 1 ~. The imperial government bas taken the initiatory 
L· I , u 'i · on its domains batchlng-establisbments from which 
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every year many thousands of young ·fish are supplied to the lakes and 
neighboring rivers. The first establishment was that of Salzburg, 
founded in 1865. The government at first granted it a · considerable 
annual subsidy, but for the last three years it has been able to cover its 
expenses, by raising from 10,000 to 15,000 young fish, and send"ing 
3,000,000 of fecundated eggs to the different provinces of Austria, to 
Switzerland, Holland, and even to Hilningen. 
At present every province' of the empire possesses its own piscicultu-
ral establishment. 
In uppt,r Austria-two societies have been formed, one at Linz in 1870~ 
and the other at Ische in 1866; the former numbering 93 members, and 
the latter 29. 
In the province of Salzburg the society has the name of "Central In-
stitute of Artificial Pisciculture," and numbers 96 members. 
In Tyrol a society was formed in 1869, consisting of 9 members ; and 
another at Tarbole in 1873, numbering 42 members. _ 
In Bohemia a society has been formed at Nachod, numbering 43 mem 
bers. · 
In the province of Bukowina a society is being organized under_ the 
direction of M. L. Lin des, and the1 minister of agriculture has just granted 
him the sum of 800 florins. 
We must here also mention the piscicnltural establishments of the 
Princes Schwarzenberg, who have sent a number of specimens to the 
Vienna Exposition; the establishment of Baron Washington, the larg-
est pisciculturist of Austria, at Wildon near Graz ; and M. Pammer at 
Graz, who furnishes the river Murr with fish. 
The Salzburg establishment, the largest of all, has been founded on 
the plan of the one at Hii'ningen. The hatching apparatus· of the College 
of France is used in a somewhat improved shape. These apparatus 
hatch every year 3,500,000 eggs. 
The establishment is located near the imperial castle at Salzburg, at 
the foot of the Alps, only two and a half miles from the city. 
The basins to the number of fifteen are all fed by spring-water; they 
are partly covered so as to afford places of refuge for the young fish• 
The spring is in the house of watchmen ancl in the :very place where 
the hatching takes place; a large basin of' this fresh water surrounds· 
the house, and in this those fish are kept which are destined for repro-
duction. The other basins, in which there are fish of every age, are com -
paratively small; that in which 20,000 young fish have been placed this 
year is only 2½ meters long, (nearly 4 feet,) 1 meter 20 centimeters broad, 
(about 3f feet,) and 35 centimeters (about 1½ feet) deep. 
Two other basins are reserved, one for carp and the other for aquarium 
fish, which increase with an almost incredible rapi~ity, and being in 
proportion to the size of the establishment, whose ar~a is about 30,000 
square meters. 
The food consists of white-fish and horse-flesh; and at the expense of 
about 2½ francs per day, 30,000 fish of all sizes are fed. 
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5.-MUNICH. 
Bavaria bas not remained behindhand, and pisciculture, which num-
bers many eKperts in that country, bas made considerable progress, 
The :fishing laws are very rigorous, but are very little regarded. The 
public markets are under strict superintendence, and considerable fines 
are imposed on those who ;repeatedly transgress the laws. The craw-
fish is numbered among that kind of fish whose capture is prohibiwdj 
during the spawning season; females bearing eggs must again be 
thrown into the water, and none can be taken before they have reached 
their full size. 
There are at Munich different establishments, that of M. Kiiffer afford-
ing great interest on account of the simplicity of its arrangement, the 
small space it occupies, and the great results obtained. I have there 
seen more than 200 trout, two years old, weighing on an average 350 to 
450 grams (somewhat more or less than 1 pound troy) in a single stone 
vat 1½ meters long, (almost 5 feet,) 75 centimeters (2-! feet) broad, 
and 60 centimeters (about lf feet) deep. 
In another compartment 2¼ meters (about 8 feet) long, 1½ meters 
(almost 5 feet) broad, there are more than 6.000 crawfish, the finest of 
which weigh 250 grams (3,750 grains) and more. 
Salmon to the number of six, and weighing on an average 10 to 12 
kilograms (about 25 to 30 pounds,) are packed so closely in one of these 
small vats, that it is impossible for them to turn round; yet they do not 
seem to suffer from this position, which they have occupied for a long 
time. These remarkable results have heen obtained by constantly 
renewing the water, and by providing good and abundant food. 
The experiments of M. Kiiffer have been specially directed to the 
acclimatization of the Salrn.o huclw, a variety of salmon which is peculiar 
to the waters of Bavaria, and which after the experiments made by the 
College of France could easily be acclimatized in France. 
This fish, which to the characteristics of the salmon adds the station-
ary habits of the trout develops in a very short time; it can be accli-
matized in every water, and does not suffer from a change of tempera-
ture; it is easily fed with white-fish and salt horse-flesh, after a new 
system which has stood the test of experience. M. Kiiffer carries on 
all his hatchin~-operHtions on sand. 
In J:w aria I have made some observations which deserve attention. 
... nu m her of species which serve as food, and which are very scarce 
in France an<l Switzerland, are very common in the lakes and rivers of 
I~: •ria; carp, pike, ant.I perch are almost given away in the Munich 
IIIHI I ·I . 
'la.- 11uestion is naturally asked, why have those Bavarians who 
, ,.,. I bemsel 1' • o much with pisciculture not endeavored to de-
1 1 •. 1 •· ,i I •· :md perch, which are the sharks of the fresh water T I have 
l following regarding this matter. The pike and perch live 
THE HISTORY OF FISH-CULTURE. 521 
in rivers where there are no fish of the salmon 'kind, but only white-
fish ; and on the other hand, fish of the salmon kind, live in water 
which contains neither pike nor perch, but white-fish, on w:hich they 
feed. 
Unfortunately, this is not the case in France, where fish of prey are 
found in all the rivers, which to a great extent depopulates them. The 
necessity of a good law regulating the raising of these species is being 
more and more felt as an essential condition for successful pisciculture. 
In France, we must confess, there has recently been a time when but 
little was done; this time has been filled, it is true, by the progress of 
some establishments founded in the Pay-de-Dome, in the Pyretlees, in 
Crense, in Savoy by M. Costa Bauregard, in the department of Haute-
Vietme, &c., and by the interesting publications of De la Blanchere, 
Haxo, Millet, Jourdier, Wallon, Koltz, Carbonnier, Chabot, Maslieurat, 
the Viscount of Beaumont, Lamy, Chenu, Blanchard, and the various 
communications made to the Academy of Sciences, &c., besides the 
societies of oyster cultivators which have -. been formed, and whose serv-
ices will be appreciated at no distant period. 
Several general conferences have favored private enterprise by extend-
ing financial aid; this ought to be followed up, and new resources 
should be given to France .. 
The essential point, as M. Coste has shown, is to preserve by artificial 
fecundation that innumerable quantity of eggs wh!ch are lost before 
being hatched, or in an embryonic state. In order to carry on these 
experiments on a large sea.le and to furnish _an· abundant supply of this 
" manna" to serve as food for the human race, the government ought to 
found four large establishments in the four principal basins of France, 
into which the rivers of our country are divided, and which would develop 
pisciculture to its greatest possible degree. 
A committee appointed by the government and composed of experts 
and engineers should examine the rivers, and in each basin designate 
the most favorable place. 
These establishments would afford the advantage of replenishing the 
rivers of the country with those species of fish that could live there, and 
woum endeavor to acclimatize those species which on account of the 
changes of temperature are not accustomed to live in our climate. These 
studies might be accompanied by experiments with apparatus and the 
different systems of raising fish, and all these different experiments. 
should be under the control of the College of France. The programme 
should embrace the influence of the nature of the water on the develop-
ment and acclimatization of different species, experiments which are im-
possible in laboratories, which are generally only supplied with water 
of one kind; the different systems of food should also be studied. The 
administration of bridges and roads would, on account of its admirable 
organization, be naturally destined to be at the head of this whole under-
taking and superintend it. 
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The reason that France bas not advanced so rapidly in piscicnltnl'9 
as one bad the right to expect after the _convincing experim6nts of M. 
Coste, is that great ignorance prevails_ regarding the means to be em-
ployed. Many well-meaning persons have made and are making experi-
ments yielding only a partial result. This is very obvious; not knowingi 
the well-known processes, they are obliged to try everything, to learn 
everything, and to do a· great deal by guess-work; those who are not 
disMuraged after experimenting for two years, do not always possess 
the means to meet the new expenses which would be required. If they 
could acquire the knowledge they are in want of in model-schools of pis-
cicoltdre, such as these four great establishments m~ntioned above would 
be, in the same way as the agricultural farm-schools, they would be 
sure to succeed, and would not shrink from sacrifices for which they 
would most assuredly in the end reap their reward. These model-schools 
would douQtless be a great success and would greatly increase the 
resources of France. 
6.--THE GREAT BASINS OF FR.A.NOE. 
The basin of the Seine, which. measures 4,327,000 hectares, 
(10,817.,500 acres,) on au area of 800 kilometers, (500 miles,) and which 
is watered by the Aube, the Marne, the Oise, the Yonne, the Eure, &c., 
offers a most favorable location for the :first of these establishments, viz, 
the basin of Settons, located in l\forvan, and proposed by M. Coste. 
In the basin of the Loire, which comprises one-fourth of France, and 
whose principal tributaries, the Mayenne, the Barthe, the Allier, the 
Cher, the Indre, and the Vienne, traverse more than 1,100 kilometers, 
(687 miles) it would be easy to place a second piscicultural establish-
ment, either between Orleans and Tours, or near Clermont-Ferrand and 
the neighboring lakes, especially Lake Pavin, called the" Dead Sea" of 
Auvergne. 
The third establishment should be placed in the basin of the Garonne, 
the Dordogne, and the Gironde, to which the secondary basins of the 
Charente and the Adour would belong. 
As regards the basin of the Rhf>ne, whose course in France is 520 
kilometers, (325 miles,) the fourth establishment ought to be piaced 
above the junction of the Rh6ne and the Saf>ne. 
The /era, (Ooreg&n,us /era,) found in large numbers in the Lake of 
Geneva, through which the RMne :flows, could be acclimatized in the 
waters of Bourget, or in the lakes near the Puy-de-Df>me. What a fine 
field for experiments could be opened to human industry in France, and 
what immense resources could be opened for supplying the people with 
food! 
The following conclusion is easily reached: By the side of the labora-
H' of comparative embryogeny of the Oollege of France, from which 
most of t i physiological prizes come which are given by the Academy 
the Laboratory of Pisciculture is placed, which, up to the 
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present time, has always given information and advice, and which pop-
ularizes the progress which science makes every year. 
The four establishments which we desire to see founded would not 
cost more than the single establishment at Huningue, and would spread . 
a knowledge of and a taste for pisciculture; it would be their duty, to 
apply practically all the.discoveries which have been made; they would 
spuead life and abundance in the four great basins of France; they would 
greatly develop the river-fisheries, and would create the necessary reg-
ulations; they would replenish with fish the Seine, the Loire, the Gar-
onne, the Rhone, and their tributaries; they would point out the species 
most suitable for each part of the country, and would open out vast 
resources of private industry by the founding of smaller establishments. 
This is the object we aim at, with good chances for success, and which 
we will doubtless obtain if the government will aid us in our efforts. 
D-THE PROGRESS OF FISH-CULTURE IN THE UNITED 
. STATES. 
BY JAMES W. MILNER, 
1.-THE METHODS EMPLOYED iN FISH-CULTURE. 
There are three methods in use for the increase of fishes; the first 
two employed from a very early day, and the other of quite recent 
origin. As all of these methods have been applied in the United States 
we will consider them in order. The first is the transfer of living fishes 
from their natural haunts to new waters, or to a confined area in their 
own stream, lake, or arm of the sea,, where they are either left to de-
pend on such food as the water may afford, or else are supplied with it 
from elsewhere. 
The second method is the gathering of eggs naturally impregnated 
and deposited, and placing them in ponds or streams, or caring for them 
during the period of incubation in suitably-arranged apparatus. 
The third method, aud the one by which tlie more important results 
have been attained, consists, primarily, in the artificial fecundation of 
the ova, ( expressing the eggs and milt from ripe fishes together in a 
vessel;) and secondly, in caring for them in suitably·-devised apparatus 
through the egg-stage, and as far along during the embryonic life of the 
fish as their welfare requires, when they may either be turned out to 
shift for themselves, or else kept in properly-arranged ponds or other-
wise, and fed as occasion requires for an indefinite period of time. 
It has been quite a usual habit in w.r-iting on the subject of fish 
culture to 3:ttribute the origin of the art to the Chinese, and many have 
been led to believe from the frequent assertions to that effect that the 
artificial fecundation of fish eggs was practiced by the Chinese, who 
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thus anticipated the Europeans. The principal data relating to fish 
propagation in China are to be found in the publications of the Socwti 
d'acclimatation of France, and in a large work published in Paris in 
1872 entitled "La pisciculture et al p~che en Chine," by P. Dabry de 
Thiersant, with an '' Introduction sur la pisciculture chez les divers peu-
p"les," by Dr. J. L. Soubeiran. A. '' History of the Chinese Empire,'' by. 
Father Duhalde, a Jesuit missionary, also contains a. reference to pisci .. 
culture. Special inquiries have also been made by .Mr. George Shep~ 
Page, of New York, through the State Department, and satisfactorilj 
answered. 
Al] authorities agree with reference to the antiquity of the practi°' 
by the Chinese of the first two methods described, but no evidence is pro-
duced that they have now or ever had any knowledge of artificial 
fecundation of the eggs of fishes as employed by Europeans. 
At the present day a certain class of the Chinese devote their time at 
the proper seaRon of the year to the capture of quantities of embryo 
fishes, which are carried to ponds, streams, ~nd lakes, and turned loose 
in their waters to increase their stock of fishes. These embryos are 
found in holes or pockets in the beds of the rivers,and are obtained by 
divers. Ova are also obtained in large quantities in the rivers, by 
straining the current through nets or mats, and intercepting the eggs as 
they are carried down stream. 
2.-TR.A.NSFER OF LIVING FISHES. 
The pike or p.~ckerel.-The transfer of fishes early gained the at-
tention of the people in this country as well as in Europe, and it is 
a singular coincidenee that in Central Europe as well as in different 
parts of the United States the same species, the lake pike, or pickerel, 
, (Esox lucius,) received favor in this direction, both countries having 
afterwards had reason to regret its distribution. This fish, the merits 
of which are sometimes defended in regions where it is the principal 
species, is not only very destructive of other fishes, but is of indifferent 
flavor and full of bones. 
In Maine, New Hampshire, and other States its introduction is now 
regarded as a mistaken enterprise, and the same expressions of regret 
that are found in the reports of the fish commissioners of some of the 
States, at its distribution in the waters, occur in papers on the fishery 
interests of Germany, an<l in certain English publications. 
The disposition to introduce this species into new waters has been rec• 
ognized, and its fatal error is so well understood that in some of the States 
la ha been enacted inflicting a fine upon any one convicted of hav-
·, ,.., introduced the pickerel into waters where it does not exist. 
The muskellunge.-Abont 1840 this species (Esox nobilior) was placed 
in · 11( 1111 11 :it Bellows Falls, Vermont,from which it escaped into the 
11 1 •c· i ·u Uh er, and has maintained its presence ever since. 
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The black bass and Oswego bass.-The fish that before the days 
of artificial fecundation of fish eggs have been perhaps the most exten-
sively introduced are the black basses of the species Micropterus sal-
moides and the Micropterus n·igricans; the former being the one better 
adapted for clear streams and lakes, and the latter for grassy and com-
paratively shallow lakes and ponds. Mr. Thaddeus Norris relates in 
his volume on American angling that when a boy he knew of the stock-
ing of a pond in the vicinity of Richmond, Va., with the black bass, 
(Micropterus salmoides.) Among numerous-records of their introduction, 
in very few instances discriminating properly between the two species, 
we give the following: In 1850 twenty-seven live bass were brought by 
Mr. Samuel Tisdale, of East Wareham, MasJ., from Saratoga Lake 
and put into Flax Lake, near his home. In the years 1851 and 1852~ 
others were brought to the number of two hundred an~ reared in ponds 
in the vicinity. The matter was kept quiet and fishing discour-
aged for five years, when the fish were found to have increased 
very rapidly. Some twenty-five ponds were stocked in the same county 
after Mr. Tisdale had initiated the experiment. Afterward black bass 
from Mr. Tisdale's ponds were supplied to-a lake in New Hampshire 
in 1867, and to waters in Connecticut and Massachusetts. In 1866 the 
Cuttyhunk Club, of l\fassachus~tts, introduced the black bass into a pond 
in their grounds.· In the yAar 1869 the commissioners bf the State, 
together with private parties, stocked several ponds and the Concord 
River with black bass, and in the following year other waters were 
stocked. 
In Connecticut, in the winter of 1852-'53, the black bass was introduced 
into Waramang Lake, in Litchfield County. They were brought from a 
small lake in Dutchess County, NewYork. A few years later they were 
said to have increased greatly. Another lake in the same county was 
stocked not long afterward. 
Saltonstall Lake, near New Haven; East Hampton Pond, in Chatham; 
Winsted Pond, in Winchester, and many ponds and lakes of the State, 
particularly in the northwest portion, were stocked with the black bas·s 
previous to the year 1867. 
In the years 1869, 1870, 1871, and 1872, thirty-seven lakes and ponds 
in different parts of the State were supplied with black- bass. 
As early as 1864 or 186,5 black bass had been put into Rust's Pond, 
near W olfborough, New Hampshire;. in 1868 a few were brought to 
Charlestown and lakes MassaJ:)esic, Sunapee, Pennacook, and Echo, and 
Enfield, Wilson's, and Cocheco Ponds were well stocked ; · in 1870 and 
1871 the New. Hampshire commissioners introduced the black bass 
from Lake Champlain into the waters of the State at Meredith, Canaan, 
Webster, Cant,erbury, Harrisville, Munsonville, Hillsborough, War-
ner, Sutton, New London, Andover, Loudon, Concord, and in Croy-
don. In Massabesic and Sunap~e Lakes, where they had been intro-
duced, in 1868 and 1869, they were found to have increased and on 
. ' ' the authority of Dr. W.W. Fletcher, they have become exceedingly nu-
merous in Sunapee Lake. 
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The commissioners of the State of Rhode Island, since 1870, ha"·e 
stocked thirty ponds or small lakes in different parts of the State with 
the black bass. 
In Maine, in the fall of 1869, the State commissioners and the Oquossoc 
Angling Association introduced from Newburgh, N. Y., a quantityofhlack 
bass. The waters of Duck Pond, at .Falmouth ; Fitz Pond, in Dedham; 
Newport and Phillips Ponds, Oochnewagan Pond in Monmouth; Oob-
bosseecontee .Lake, in Winthrop and adjoining towns, were stocked_,l 
and a few years afterward were reported to have increased largely in 
numbers. 
Since the year 1871 black bass (Micropterus salm.oides) and Osweg, 
bass (Micropterus nigrioans) have been put i~to seventy lakes, ponds, Qr 
streams of the State of New Y c;,rk by the commissioners. They had 
made their way of their own accord through the canals connecting Lake 
Erie with the Hudson into that stream. 
Private citizens of Pennsylvania introduced the black bass (Microp-
terus salmoides) into the Susquehanna about 1869, at Harrisburg. In 
1873 the tributaries of the S.usquehanna, the Potomac, and Delaware 
Rivers were supplied with black bass- by the commissioners at thirty-
five different points. 
In the year 1854 Mr. William Shriver, of Wheeling, Va., planted in 
the canal basin at Cumberland, Va., his former home, a number of the 
black \lass, (Micropterus salmoides ;) from the basin they escaped into the 
Potomac River, where they have increased immensely at the present 
day. They were moved from the waters of the Ohio River to their new 
1ocality in the tank of a locomotive. Numerous cases have also occurred 
of transfer from one locality in the Southern States to another. 
There have been very many transfers of these valuable species that 
have not been recorded, as they are easily kept alive while being moved 
from one place to another, and propagate surely and rapidly in ponds, 
lakes, and rivers. · 
These details are given because they show the facility with which 
comparatively barren waters may be stocked to a considerable extent 
with good food-fishes, and they exhibit the general interest and attention 
that have been given to this mode of propagation. · 
The wall-eyed or glass-eyed pike.-The wall-eyed pike ( Stizostedium 
americanum) is another species that has received favor for this purpose. 
It is a fine-flavored fish, somewhat predatory in its habit, and not so 
generally adaptable to waters of all characters as the black bass. In 
tL r 'i lakes and i'ivers, where it finds a favorable home, it multiplies 
to a much greater e '- tent than the latter species. It had been introduced 
in , u,· of I I · lakes of New Hampshire, New York, and other States. 
The • 1 t - 'l h,• · •I, (Anguilla bostoniensis,) appreciated in some localities 
,11ul 11 11,·h h i ·,l in > 111' i: another species that has been frequently 
L It i · 11·1 • t. e\'ident that it never existed naturally in the 
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chain of great lakes any higher up than Niagara Falls, although speci-
mens have been taken in Lakes Erie and Michigan. Their existence 
there is with little doubt traceable to artificial transportation. 
A captain of a lake-vessel informed me that it was quite a common 
thing, some years ago, to carry a quantity of live eels in a tub on ·the 
deck of a vessel while on Lake Ontario, and they were often taken in 
this manner through the Welland Canal. He said that it was a fre-
quent occurrence on his vessel when they had become tired of them, or 
bad procured better fishes, to turn the remainder alive into the waters 
of Lake Erie. 
In 1871 Mr. A. Booth, a large dealer of Chicago, had an eel of four 
pounds weight sent him from the south end of Lake Michigan, and a 
fe~ weeks afterward , a :fisherman of Ahneepee, Wis., nearly two 
hundred miles to the northward, wrote him that. he bad taken a few 
eels at that point. It was a matter of interest t~ account for their 
presence, and a long time afterward we learned that. som.e parties 
-at Eaton ~apids, Mich., on a tributary of the lake, had imported a 
number of eels and put them in the stream at that place, from: which 
th,ey had doubtless made their way to the points where tb.ey were taken. 
The nnfortunate aquarium-car in June, 1873, by means of the acci-
dent that occurred at Elkhorn River, released a number of eels into 
that stream, and about four thousand were placed by the United States 
commission in the Calumet River at South Chicago, Ill., two hundred 
in Dead River, Waukegan, Ill., antl three thousand eight hundred in 
Fox River, Wisconsin. 
The alewife.-The alewife (J?ornolobus pseudoharengus) ,has in numer-
ous instances been largely multiplied by carrying the parent-fish above 
the dams that prevented access to their favorite spawning-grounds, ~r 
even to new waters. According to General Lincoln, an experiment of 
this kind was made successfully as long ago as 1750. This has been a 
common practice in the shorter rivers on the Massachusetts coast, gen-
erally with good results. 
The smelt.-The introduction of the smelt ( Osmerus mordax) into 
new streams and lakes has been attiempted by New Hampshire and Mas-
sachusetts. In New Hampshire three lakes were stocked in 1871, and 
in Massachusetts it is said that Jamaica Pond was stocked near the 
close of the last century, and that they have existed there ever since, 
without access to the sea. In 1869 they were introduced ·by the com-
missioners into Flax Pond, in Wareham. · 
Tlie white ftsh.-Mr. L. J. Farwell, of Madison, Wis., formerly governor 
of the State, transferred in 1854: a number of white fishes, ( Ooregonus 
albus,) together with the brook-trout, (Salmo fontinalis,) to the lakes 
around Madison. As the white-fish are only taken with nets their pres-
ence in the lak~ was only manifested when suitable nets were made use 
of. Elizabeth Lake, in Oakland County, ~ichigan, was stocked with this 
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species many years ago, and it has since increased to a very large extent, 
and affords a considerable income to the owners of the property on the 
lake who control the :fisheries. 
The salmon or ~ke trout.-A considerable number of this speci~iij 
(Salmo namayeush,j obtained in Lake Ontario was introduced into 
Newfound Lake, New Hampshire, in 1871, by the State commissionea. 
In 1866 a number of land-locked salmon, (Salmo se"bago,) had been 
brought to.this lake from the St. Croix River. 
The brook-trout.-The brook-trout, (Salmo fontinalis,) the favorite of 
anglers, has, of course, received much attention in this direction. · 
There are numerous instances related of their being introduced into 
new waters from neighboring streams. Even in the interior of the coun-
try they have been transferred southward among the drift ridges and 
prairies from the more northern rocky .streams of Michigan, Wisconsi1J4i 
and Minnesota. Generally this has been done for the purpose of stock-
ing breec\ing-estabiishments. 
A stream at Lake Forest, in Northern Illinois, flowing from an arte• 
sian well, was supplied with live trout brought from Wisconsin, but 
none of them lived, probably because of the high temperature of the 
water. The distribution of this species from breeding-establishments 
baa been very extensive. 
3.-THE TRANSFER OF NATURALLY-DEPOSITED EGGS. 
Spa1~ni-ng races.-Of the second method there has been com para ti vely: 
little application in the United States. 
The experiments in hatching black bass by placing the pairs in a box 
similar to the one used by Lund in 1760, and the methods employed for 
obtaining trout-spawn originated by Ainsworth and Collins, are of this 
character. 
The simple apparatus employed by Mr. Ainsworth was merely an ad-
justable section in a narrow raceway constructed in such a situation as 
would induce the trout to enter from the deeper water for the purpose of 
digging their nests. A screen of coarse-wire cloth covered loosely with 
gravel constituted a false bottom to this box, through which the eggs, 
on emission, fell to the real bottom below. 
The Oollins apparatus was an improved modification of this principle, 
inasmuch as it obviated the necessity of disturbing any portion of the 
raceway, the eggs falling through the upper screen upon a revolving. 
apron, or wide belt of wire cloth beneath, when, by turning the drums 
on which it rolled, the eggs were carried to one end, and fell over into 
pans placed to catch them. 
The greater percentage of fertile eggs from artificial impregnation 
1 ; io~u~, in later years, _very little Ude of these methods, except 
lJ, r · 1t 18 regarded as desirable to avoid the cold and often severe 
• l n · re to the person impregnating eggs in colcl weather. 
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Hatdhi'ltgfrom the offal of dead flslws.-There exists quite a prevalent 
notion that the stock of fishes may be protected from diminution to a 
considerable extent by returning the offal from fishes dressed for salt~ 
ing, containing the ovaries and spermaries, to the waters from whence 
the fishes are taken. This is done to a large extent, at Sandusky, Ohio, 
on Lake Erie, where the white-fish ( Ooregonus albus) is taken in large 
numbers in the spawning-season, and the fishing-grounds are so far 
off from the curing-houses that but little damage is done by the presence 
of the decaying matter. . 
That the ova from fishes <lead for a short period of time may be fertil-
ized and hatched has been proven by experiment by embryologists and 
fish-culturists. 
Jacobi, in his Aarly experiments, found that young fishes could be 
developed from the eggs and milt of fishes recently dead. 
M. de Quatrefages, in referring to the fertilization of :fishes~ says the 
fecundation should follow soon upon the death of the male fish, and 
the second clause of his directions says; " Since the fecundation should 
take place within a day or twelve hours after the death of the fish, 
the spawn should then be taken." 
In Carl Vogt's essay on artificial fish-br'eeding he says, i-n 13peaking of 
the fertilizing :,power of the spermatozoa _: "At low temperatures this 
power is retafried for hours and even days if the milt remains in the 
organs by which it is secreted. In the Lake of Neufchatel ·{Switzerland) 
the palee, ( Ooregonus palea,) a fish of the trout family, is taken, during 
the winter months, by night or at srrnset. I have often received these 
fish stiff-frozen, and succeeded perfectly in impregnati1ig spawn with 
the milt taken from the genitals of the male the day after." 
On page 497 of this report is a reference to the success the Russian 
fish-culturists have had in hatching the eggs from dead females impreg-
nated with the milt from dead males, the claim being made that the 
milt retains its vitality for a long time if left within the reproductive 
organs. 
Mr. Atkins (see pp. 285-'86) gives the percentage of eggs fecundated 
taken from dead females, as follows: From a salmon that bad been dead 
two hours, at .58½; of eggs from two dead females, at .67 ½; of eggs from 
two dead females, at .35; of eggs from dead fish, .92½; of eggs from 
dead fish, .30; of eggs taken from dead fish the day before, .12½ ; of eggs 
taken on November 11 from specimens killed on the 9th, .0 ; from a 
fish that had been dead fifteen hours, .0. The experiments with eggs 
from live females, to which the milt from dead males was applied, gave 
the following results : Female ripe and good, milt, about a teaspoonful,. 
from a dead fish taken before the eg·gs; .2½ ; eggs kept in a pan without 
water thirty hours, milt from a male that had been dead two days, ~O; 
from eggs kept the same length of time, treated with fresh milt, .87½; 
eggs kept without water four days, milted with milt from dead fish, .O ;. 
eggs kept four days without water, then milted with new milt, .12½. 
S. Mis. 7 4-34 
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The indications from theSie few experiments are that the eggs retain 
their vital powers much longer than the milt within the dead bodies of 
the fish. 
· The experience of fish culturists is certainly in.favor of the-iinmediate 
use of the milt from the living male fish, their experiments. indicatint, 
that the vitality of the milt continues for but a few·minutes when diluted 
with water, and even undiluted its certainty. of effect rapidly decrea~es 
to zero. 
That eggs and milt retain sufficient vitality when removed from fishe!f 
but a short time dead to produce a living embryo may be true, but there 
is also quite a possibility that there would be less vigor in the embryps 
and in the growing fish than in the case of eggs and milt from a live 
fish. 
One of the investigators of the incipient embryonic developme~tt 
studying the process in the amphibia, =11=--as one of his conclusions, makes-
the following statement: "Partial impregnation is shown in imperfe~ 
segmentation of the yelk, and is doo to the spermatozoa being insufil. 
cient in quantity, odn duration of contact,.or inefficient through dimin-
ished vitality; and it may also result from diminished susceptil;>ility in 
the ovum." It will readily be-,admitted that some of these unfavorable· 
conditions are very liable to occur when the spermatozoa or ova from 
dead fishes are used. 
The small per cent. of fishes produced from.a, quantity of eggs wher~ 
there is the slightest lapse of care and attention on the part of the-
breeder iM convincing evidence to all who have had even a. slight ex-
perience that no- large resul'ts could be expected from this practice. 
Where the fishes are taken near the curing-hoases and are dressed 
within a short time after death, in all probability a small portion of the-
ripe eggs would d'evelop into fishes ; but in localtie-s where many of the 
fisheries are situated, the fishing-grounds are so.far· away that the fish 
are dead for several hours before they reach the shore, and the per-0 
ceutage of fishes produced from-the spawn would be very small, if any-
thing. 
4.-ART:rFIOIAL FECUNDATION. 
Introd'U<Jtory remarks.-The evidences advanced to prove a knowledge 
of the third method referred to, before the time of ,Jacobi, are not, so 
far, sufficiently definite, a,nd the data produced by Bairon de Montgau .. 
d r to show that Dom Pinchon was the inventor of the art, in so far as 
it inv-olves artificial fecundation, are very unsatisfactory.t 
The description be gives of the apparatus proves Dom Pinchon's process 
iu • .mogfortl ,1• eggs during the period of development to have been the 
On th, Impregnation of the Ovnm in the Amphibia, and the _direct a~ency ~i th~ 
I" i, 1tn,.,, 11: Proc. Roy. Soc. June 17, 1852, George Newport, F. R. S., &c. 
I 1 in ,h l Soci6~ Zoologique d1Acclimatation. Eondee le 10 •Fevrier, 1864. 
mi, r. • i . 1 :-, i. p. . 
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original of the trough method. The manner of procuring of the eggs is 
not referred to; he merely explains how be prepared the bed of sand 
upon which to deposit the eggs which he had previously made fec~md.* 
The baron based his statements upon the manuscript found at Reome, 
without quoting· from it, and leaves bis readers in ignorance as to 
whether the mode of obtaining the eggs is described in the original. 
In the absence of any publication of the manuscript the only data to 
support the claim are the statements made by Baron Montgaudry and 
the reference in a foot-note of Jules Haime's paper on pisciculture (see 
page 472) to the method employed for obtaining the eggs; this informa-
tion on the subject afforded by Baron Montgaudry, and referred to in 
the foot-note·s, was probably imparted in conversation, ·as there is no 
record of it in the papers published in the Bulletin or in the report of 
the P-roces-verbaux des sea,nces of the so'"ciety from the time of Mont-
ga-ndry's references to Dom Pinchon to the date of publication of Jules 
Haime's paper. 
The publication of the manusCTipt, if it is still in existence, would 
clear up the uncertainty and. afford a definite record fo~ the history of 
this important advance in, the art of :fish culture. 
To J. L. Jacobi, lieutenant of Lippe-Detmuld, a German principality, 
belongs the credit of discovering and making public in a journal pub-
lished in Hanover in 1763, the methods in the art of fish culture now used 
in modified and impr(>Ved form. 
The description of his- box accords in general form and proportions 
with the trough in modern use: · It was 12 feet long, 6 inches deep, and 
18 \ncbes wide. It lacked the cleat partitions now used that divide the 
troughs into nests, the eggs being sheltered from the force of the current 
by hollows and cavities in the bed of gravel in which they co1lected. The 
water supplied to the trough flowed through a screen or grate of brass 
wfre, and the outlet was guarded by a similar screen. The screens 
would be consid(Wed of rather large mesh for use in the hatching estab-
lishments of the present, as they were about eight wires to the inch. 
Jacobi regarded covers to the troughs as a nece·ssity, but not :{or the 
purpose they are now deemed essential. There is no evidence from his 
letter that any building or roof was thought of in connection with his 
troµghs, and tight covers were necessary to protect the ova from their 
natural enemies, the one he most dreaded bei0:g the water shrew; tllis 
use of a screen under the supply-stream being more with regard t~ pro• 
tection from this animal ,than ~or the purifying of the water. 
Spring-water from a rocky, pebbly locality he considers to be the 
best. The supply of water to each trough, he asserts, should be an -
outflow of" a pipe one inch square, with one or two feet head, and should 
., 11 preparait une legere profondeur dans la couche de sable.pour deposer Ies reufs, 
qu'il a.vait prealablement fait feconder. 
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cover the gravel one or two inches deep. In the use of several trougha 
he provides for a main pipe, conducted across the head of the troug}tS) 
with outflows into each. "This done, you have all the apparatus neces- , 
sary for breeding trout and salmon." 
Jaeobi understood that only a small quantity of the milt was necessars 
because it contained vast numbers of the spermatozoa, and would fertilize, 
a large number of eggs. 
His manipulation of the male and female trout, stirring the milt 
through the eggs,. and the addition of fresh water after impregnatio~ of 
the eggs, is very similar to modern practice. The necessity of sepa-
rating the eggs in the troughs was well understood, though, instead of 
a, feather, he, by means of a thin paddle of w,ood, produced an eddy in 
the water that spread the eggs over a larger surface. The fi:µ.e, downy 
fringe of the conforva growth was a difficulty he had to contend with 
as well as modern workers in the art, and the little trout of ancie_nt 
times had the same tendency to hide themselves in the grayel when 
young that they do at this day. . 
His gratings did not prevent the egress of the young fishes, and he 
provided them w1th nurseries at the end of the troughs. Monstrositie~, 
in the shape of' double-headers, he seems to have been familiar with, and 
found them short-lived. 
Jacobi seems to have been a man of intelligence and application: 
Some of his conclusion~, however, have since been entirely disprove{\ 
by investigators in embryology. 
The progress made in the methods and apparatus of fish cultu're has 
been very great, as the result of the experience of many !3xperts, and 
in certain lines is entirely new and novel; but the present graveled 
trough method for hatchfog trout and salmon is only an improved 
modification of the boxes and troughs used by Dom Pinchon and Jacobi. 
The necessity of filtering the water through screens, the ad vantage 
afforded by dividing the troughs into nests, by means of cleats, so that 
the bed of gravel may be kept level, and prevent tb@P tendency of the 
eggs to collect in heaps, the shutting out of light from the eggs, the 
immeuse reduction of loss from the removal of' dead eggs and fnngus 
growth, the transportation of' partly-developed eggs, and feeding young 
fish with prepared food, were all entirely unknown to the earlier authors; 
as also the numerous improvements in the manipulations, the guard-
ing against the ills incident to the eggs and young fishes, that have 
grown up in the experiences of the numerous workers in the art. Jacobi, 
indeed, ctoes uot seem to ha\"'e carried forward his discovery to any ex-
tensi , 1• practical result, although an establishment at Nortelem was 
sustained for a short time, and the English government had s_ufficient 
a • J •l'ia ion ,,r' hi · work to afford him a pension. 
Adan ·rm i • course of lectures delivered in Paris in t 772, made the 
auditors that the art of fish culture was prosecuted 
l I river Weser, in the Palatinate of the Rhine, and in 
, her mountainous portions of Germany. 
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The Abbe Spallanzani, an Italian, in 1768, employed artificial fecun-
dation in his studies of the embryology of' the frog, and Monro Rusconi, 
also an Italian, in 1824, artificially fecundated and hatched the eggs of 
a cyprinoid fish, the tench ( Tinca vulgaris.) while prosecuting investiga-
tions in embryology. 
In 1837 John Shaw practiced the art with the salmon in the river . 
Nith of Scotland, and made use of his experience to extend the knowl-
edge relating to the growth and development of the young salmon. 
Joseph Remy, a fisherman of the department of the Vosges, France, 
discovered and applied, about 1842,• the methods of artificial fecunda-
tion on the trout . . Afterward uniting with him Antoine Gehin, they 
continued the work with ample-success in the rivers of their' region. It 
· was from the work of Remy and Gehin that the great impetus and ex-
tended efforts in fish-culture had an origin, when it had been brought to 
the notice of the world by the French scientists. 
The artificial propagation of :fishes is now extensively practiced in 
Great Britain, :Prance, Belgium, Holland, Denmark, Norway, Sweden, 
Russia, Germany, Hungary, Switzerland, Italy, and Spain, in Canada 
and in onrown country, while India, Java, Australia,,and Tasmania have 
instituted investigations by fishery commissioners and have imported 
valuable species of food-fishes. 
In the United States the first published record of an experiment _in 
artificial fecundation was made by the late Rev. John Bachman, D. :p., 
the naturalist, of' Charleston, S. C., wlio was associated with Audubon 
in his work on the quadrupeds of North America.t. 
In 1855 he read a paper before the State .Agricultural Society, at 
Columbia, S. C., describing his successes when a boy, in the year 1804, 
in impregnating and hatching the ova of the corporal, probably the 
Semotilus corporalis, (known in Penl!.sylvania as the fall fish,} and of the 
trout, (Salmo fontinalis.) In his paper he states that the eggs of both 
sp_ecies were artificially fecundated and hatched, and that the troµt 
attained some growth while confined in· the pond-s he had constructed, 
The trout was the fish selected in the United States from the first as 
the favorite for artificial culture. In 1853 Theodatus Garlick, M. D., 
and Prof. H. A. Ackley, of Cleveland, Ohio, incited by their knowledge 
of the interesting results of the fish-culturists in France, began an exper. 
iment with the brook-trout, (Salmofontinalis,) in which they w_eFe quite 
successful. In 1857 Dr. Garlick published a treatis.e on artificial propa;. 
gation of fishes, appearing first in a series of numbers of the Ohio Farmer, 
and afterward gathered into a volume.+ · ---
• See the foot-note referring to the claim of Gottlieb Bocci us~ to have preceded Remy 
in the practice of artificial fecundation, on page 477. _ 
t The Viviparous Quadrupeds of North America, by John James Audubon, F. R. S., 
and the Rev. John Bachman, D. D. New York; Published by J, J, Audubon, 1840, 4tQ, 
t See title at foot of page 536. 
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To these gentlemen should be ascribed the merit of inaugurating the 
interest in fish-culture in this country. 
Mr. E. C. Kellogg, of Hartford, Conn., and Mi. D. W. Chapman; of 
New York, began breeding operations at Simsbury, Conn., as early as 
1855, and published their results before the Connecticut State Agric\11-
tural Society in 1856. A number of trout were captured and coufined, 
the eggs fecundated ,and placed in boxes with g·ravel on the bottontll 
through which a stream of water was led. At this first attempt seve:dtJ-
five trout were hatched; some of them were taken from the pond the 
next season. In 1856 Mr. Kellogg's efforts were not very eucoura~ 
ing, because, as ,be believed, the eggs were not sufficiently mature, and 
arrangements for hatching in the cellar of his house at Hartford were 
imperfect. In 1857, with the apparatus in bis cellar, and using water 
from the regular city supply, he hatched four hundred trout. In 1859 
Oofonel Colt, of revolver fame, made very complete arrangements for 
trout-hatching, of which Mr. Kellogg took charge, and about four thou-
sand eggs were impregnated and placed in the hatching establishment 
In 1857 the State of Connecticut passed an act affording certain pow-
ers and control of Saltonstall Lake for the purpose of fish-breeding, and 
increase in the interest of Mr. Carl Muller, of New York, and Mr. Henry 
Brown, of New Haven. They also obtained certain riparian privilege$ 
from the owners of property bordering on the lake. A stream tributary 
to the lake was selected as the breeding locality. 
In May of the same year they are said• to have artificiallyfecundatet1 
twenty 1nillions of eggs of the wall-eyed pike, (Lucioperca americana,) and 
to have transpor~ed them from Lake Ontario to the lake, where they 
were placed in the bed of the stream referred to and on the lake bottom, 
but the young :fishes were all supposed to have been destroyed by a 
sudden freshet. 
In November of the same year they visited Lake Ontario, and taking 
males and females of the salmon trout, (Salmo namay<m,sh,) and the white 
fish, (Ooregonus albus,) alive from the nets of the fishermen, they impreg., 
na.ted a large number of eggs, estimated by them at five millions for 
the trout, and one million for the white fish. They were packed in al-
ternate layers with fine, wet sand.t The eggs were said to have the 
appea ~ance of being in good condition when they arrived and were de-
posited, the white fish ova upon the sandy spots and the trout ova upon 
graveJly places in the stream-bed. In the March and April following 
the young were said to have been seen in large numbers. 
In t u : utumn of 1858 ten millions ova, of trout and white fish were 
• · ai n • t. ·w· 1 and placed in the lake and stream,and considerable num-
1 r·i. , t believed to have been hatched. Tront-are said to have been 
· ard partly grown. 
Commi88ioner of Patents for the year 1859. Agricult ure, W ashingt.on, 
1 br , • ling, 1 J.C. Comstock, of Hartford, Conn.,p. 227. 
I l I r timatoj in both oases. . 
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In 1859 Mr. Stephen H. Ainsworth, of West Bloomfield, N. Y., began 
operations with the brook-trout in a small stream and with. good suc-
cess. His successes and his generous spirit toward all who visited him, 
or sought information by letter, have largely influenced the spread of 
the, interest throughout the country. 
Seth Green's establishment-, at Caledonia Springs, near Rochester, 
erected in 1864, was the :tlrst hatchiBg-house in this country large enough 
to prove the importance of :fish-culture as a pecuniary investment. It 
took but a short time to establish the fact, and from the interest excitM, 
by his very marked successes, among the newspapers and magazines, 
the art obtained its great impetus in this country. 
The brook-trout.-As stated, attention was at first, and it is equally 
true that it remained for a long time, concentrated almost entirely upon 
the brook-trout, (Salmo fonti1',al~.) This fish is a general favorite, be-
cause it combines all the desirable qualities demanded by sportsmen, 
epicures, and others. It has beauty of color, form, and movenient; is 
a.~apted to scientific fly-ashing, being sufficiently sh_y to be tempted only 
bJ skillful and experienced anglers, and, when hooked, fighting long and 
pluckily against the attempt po lift it from the water, and, withal, supe-
rior in fl.avor, moderately prolifi.c, and adapted to small streams and ponds 
if sufficiently cool, so that owners of such waters may have it as a pos-
session almost as much llnder their control as their cattle or horses. 
This general demand for the living fish has made it :r;nuch more 
profitable than if merely propagated as an article of food, as the sale of 
ova and young :fishes bring better prices with smaller outlay than where 
the fish are retained and fed and cared for until tlrny are mature. 
That it is possible to raise them profitably merely as ·.an article of 
· food has, however, been established in one or two instances where the 
facilities for breeding large numbers and procuring their 11roper food 
in abundance and cheaply have been afforded. 
The breeding of trout among the different and widely separated c_ul-
turists does not seem. to have developed lately any marked or n.ovel im-
provements in apparatus, though valuable modifications of methods have 
been attained. 
The graveled troughs are in. most general use, though a few prefer the 
apparatus invented by M. Coste, professor of embryology in the Colleg~ 
of Fl'3nce, 'the Coste hatching-trays, with. glass grilles or parallel rods, 
up0n which the eggs are placed. • 
As already stated the advances in the art of fish-culture in general 
both in America and in Europe, have been largely the result of efforts at 
multiplying the brook-trout of the two countries respectively. Whether 
we consider Bachmaq or Garlick as first to initiate the work in the 
new w-0rld, it was with the trout that the labors of both were con-
nected. A comparison of the claims of these pioneers may result in giving 
Doctor Bachman the priority in time, but bis labors have bad little or no 
in.flnencein .developing interest in or adding to the knowled~e of the 
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art. In fact, the doctor, who is remembered py bis friends and acquaint-
ances as a man of amiable qualities and modesty of disposition, makes 
no claim to having published any account of the matter prior to 185ij, 
two years after Doctors Garlick and Ackley had begun their work. 
An account was first gi':'en by Doctor G~rlick, in the Ohio Farmer, of 
the methods of trout-breeding employed by himself atid Doctor Ack~.J 
within two or three years after beginning their experiments; and in 
1857 these papers were reproduced as a manual,* which has had a wide 
circulation. Their experiments with the trout, as also those of S. H. 
Ainsworth in 1859, were of' the utmost importance in initiating the 
interest in pisciculture in the United States. 
Seth Green began the famous establishment near Rochester, N. Y., 
in 1864, and from the first exhibited especial capacity and genius for 
the art. More than those of any othe-r person in the United States, his 
labors have popularized the subject and extended the new industry. 
throughout America, at the same time greatly improving and perfecting 
methods of work. In 1870, he published in connection with MrL A. S. 
Uollins, a manual of trout-culture,½ which is still in demand. 
In 1867, Dr. J. H. Slack purchased the establishment at Bloomsbury, 
N. J., founded by Thaddeus Norris,. author of a work on fish-culture,t and 
who as far back as 1865, in his book on angling,§ devotes a chapter to 
fish-breeding. 
Doctor Slack built up a successful establishment in a few years, and in 
1872 pul,lished a manual II on trout-culture, which conta~ned the most 
correct history of the prosecution of the art in the United Staies that 
had been written, and a list of the works in the French and English 
languages, relating directly to. practical fish-c11lture. His knowledge of 
• A Treatise on the Artificial Propagation of Certain Kinds ofl!'ish, with the descriptioa 
and habits of such kinds as a.re the most suitable for piscieulture, by Theod.atus G.ar-
lick, M. D., vice-president of the Cleveland Academy of Natural Science, giving the-
nut,hor's first experiments contained in a paper read before the"Cleveland Academy of 
Natural Science; also directions-for the most successful modes of angling for such kinds 
of fish as are herein described. Cleveland, Thomas Brown, publisher,. 1857. 
t Trout-Culture, by Seth Green, published by Seth Green and A. S. ,Collins, Caledonia,. 
N. Y. Rochester, N. Y., 1870. 
American Fish Culture, embracing all the details of artificial breeding and reari~g 
< trout, the culture of salmon, shad, and other fishes, with illustrations. New York ; 
1 ' mo., 1A69. 
The American Angler's Book, embraeing the natural histocy of sporting fish and 
t , art of taking them, with instructions in fly-fishjag, ily-making, and rod-making; 
• directions for fish-breeding, to which is added Dies Piscatorire, describing noted 
1 in1-pla.ces and the pleasure of solitary fly...fishing. New edition, with a supplem~nt 
• • 1 · aining description of salmon rivers,. inland trout fishing, &c.
1 
&c. Ry Thaddern: 
•, , i • Illustrated with eighty engraving& on wbod. Philadelphia, E. H. Butler & Co.; 
, 11 ,11, ampson, Low,Son & Co., 1865. 
I ' t i- al 1 •, t Culture,. by J. H. Slaok, M. D., commissioner of fisheries of New 
:T 1 · • , 1 • 1 I hi ,u · editor of "Turf, Field, and Farm," New York; proprietor of 
r r 11r 1 Ll l' > 1 u 1r Bloom bur , ·. J. "We speak that we do know and testify 
t h· • n." . 1 ork: George E. Woodward; Orange Judd & Co,
1
245 
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French enabled him to gather in the valuable points in the experience 
of French culturists, which, in the true scientific spirit, he imparted to 
the public. . · 
Doctor Slack invented a vessel for the transportation of fishes, which be 
called the '' Troutdale transit-tank." This is a can of galvanizt!d. sheet-
iron, holding· ordiflarily about twelve gallons, having a pan with a per-
forated bottom fit~ing into the top, to contain ice for the purpose of 
.reducing the temperature of the water. In the top of the pan is inserted 
a high cover, having windows of perforated tin, surrounded by a belt or 
cylinder of the sheet-metal, arranged with openings corresponding to 
the windows, so that drawing the belt for a short distance around the 
top closes them. On the outside an air force-pump is attached, with a 
hose leading through the bottom of the tank to a rose that divides the 
air into fine particles before it ascends through the water, thereby 
aerating it in a most effective manner. This is a most invaluable ar-
rangement where fresh supplies of water are dJfficult to obtain. This 
apparatus is described in his manual with an illustration, and its use 
tendered to the public, no patent having been secured upon it. · 
In 1866 Mr. Livingston Stone began the work of trout-culture at 
Charlestown, N. H., making his efforts successful after a short experi-
ence, and in 1872 he published a manual* on the culture of the trout, 
embodying the most detailed directions and the most complete compen-
dium of the methods resulting from experience in trout-culture that has 
thus far appeared. 
The results of Mr. Stone's experience have been made very valuable 
in his book, not so much by the devising of new methods and appara~ 
tus as by the scientific manner of his study of the questions and diffi-
culties that present themselves to all culturists-. His accounts. of the 
ills and diseases that prevail with trout and eggs, whether the remedies. 
advocated are in all cases efficacious or not, are of great importance as 
describing their causes and defining their symptoms and consequences, 
the first step to a discovery of remedies; The knowledge of their 
character, of course, affords in a great degree precision in ~periment and 
effort for their remedy and prevention. The tonic effect of fresh earth 
placed in the troughs under certain circumstances is probably of effi-
cient value and has been indorsed by other culturists. 
The supposed discovery of parasitic animals in the coufervoid growt~ 
on -injured fishes was probably the observation of certain reproductive 
stages of the Achlya prolif era. 
Mr. N. W. Clark, of Clarkston, Mich., began a trout-establishment in 
1867, and continued it a few years with su~cess, until his time and 
* Domesticated Trout: how to breed and grow them, by Livingston Stone, A. M., 
deputy United States .fish-commissioner, proprietor of Cold Spring Trout-Ponds, secre-
tary of American Fish-Cnlturists' .Association, and editor of tish-culturists' depart~nt 
in "New York Citizen." "Purpurisque salare stelJatus tergora guttis."-.Ausonius, 
ldyl Tt'nth. "Make assurance doubly sure."-Macbeth, .Act IV, Scene 1. Boston, James 
R. Osgood & Co., 1872. 
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attention became entirely engrossed in the propagation of other fishes. 
By his active interest in the art of fish-c·ulture, and continual contribu-
tions to the press of Michigan, as well as a widely-circulated pamphlet., 
on the .subject, he created a wide~spread interest in Michigan that has 
been largely influential in bringing about the judicious and efficient 
action on the part of the State government fo~ the multiplicatioill of 
food-fishes. 1 
In treating of the progress in trout-culture, only those culturists are 
here referred to who have made their experiences and discoveries avai~ 
able to all by publication, and only those publications have been men-
tioned that were written by those pratically engaged in the work of 
trout-culture, and whose writings and teachings were derived from 
original experience. 
The summary of advances tnade by the application of the art of :fish-
enlture to the brook-trout in the United States may be repeated as fol-
. lows: (1.) The esta.blishment and development of' interest in the work.. 
(2.) A practical knowledge of the methods employed in the art. (3.) 
Diagnosis of the diseases and ills incident to the artificial propagation 
of fishes and the suggestion as to prevention arid remedies for some of 
them. 
The salmon.-Previous to the autumn of 1866 the efforts in :fish-cnl-
ture in America had been entirely in the direction of extending a 
luxury, as the brook-trout is properly considered in this light, its qual-
ities, as before enumerated, adapting it rather to the appreciation an<t 
enjoyment of th~ fortunate few, than constituting an extensive food 
resource for the good of a large population. In this year, however, the 
attention of the Canadian provinces and the New England States be-
came concentrated upon the salmon (Salmo salar) as there were th~ 
most apparent evidences of its decrease and of its probable extermina- · 
tion at no distant time in the streams where it formerly abounded. 
At the period mentioned the propagation of the salmon was com-
menced in Canada on a thorough basts, a small building erected, and 
arrangements made for hatching out the eggs. Mr. Samuel Wilmot, of 
Newcastle, Canada, on Lake Qntario, undertook the direction of the work. 
He obtained fifteen mature salmon, but was deprived of eleven of them 
by the act of a band of marauders who feared that his presence on the 
stream would prevent their killing the salmon, contrary to the laws re. 
serving and protecting them in the stream for spawning purposes. He 
was able to obtain and impregnate about 15,000 ova, of which a large 
proportion was batched the following spring. 
The next year a somewhat J;1 rger number was obtained and batched 
itb moderate success, and some of the smolts from the preceding yea; 
fonn l. 
Pi -11,•111 m,·, orFi l1 l ,1 ming: anaddr · beforethelegislatoreofMichiganonthe 
r 111i,· 1 1•1 "i' L,_;'1li1, 1 , 1 It and the , stocking of public waters ·or the State, deliv-
' •- 10 ir ·, J",,l) i lT ·1 , J-71, by Hon. N. W. Clark, of Clarkston,Mioh. Detroit, 
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In 1868 a hatching-hons@ of larger dimensions was built, and the 
experiment of using stream or surface water attempted, the batching.\ 
establishments of America, with scarcely an exception, using water di-
rectly from springs. Mr. Wilmot's experiences ·have proved the entire 
success of stream-waters. He bas continued to hatch large numbers of 
salmon from year to year, and has succeeded in amply stocking the 
streams of bis vicinity. · 
He is quite confirmed in the belief that the salmon of the tributaries 
of Lake Ontario never go to the sea to spawn, but make the• depths of 
Lake Ontario their home when they are not in the spawning streams. 
For a few years he sold quantities of spawn to commissioners of 
fisheries and private citizens of several States; but the successes of this 
industry within.our borders soon stopped the demand for imported ova. 
In the year 1871 Mr. Wilmot made the experiment of planting a few 
thousands of young salmon in the waters of Lake Simcoe, tributary to 
Georgian Bay and Lake Huron, believing they· would adapt themselves 
to these bodies of fresh water. During the same year he imported a 
number of the charr (Salmo umbla) fro~ the breeding establishment at 
Keswick, Eu gland, receiving fifty of them in good condition, and placed 
them in the waters of his vicinity. 
In the fall of 1866, when the salmon operations were begun in Canada, 
the commissioners of fisheries of the State of New Hampshire* made the 
initiative movement for the restoration of salmon by sending Dr. W. w. 
J:4"letcher, of Ooncord, to the Miramichi River, New Brunswick, to obtain 
salmon ova for the benefit of the Merrimack River. 
He returned with about 20,000 eggs, a few of which were hat~hed in .a 
spring near 'Ooncord, and the remainder placed in artificially-prepared 
beds in the bed of the river, where their development could be observed, 
and it was estimated that 90 per cent. of tl1em hatched. In the following 
season the parrs were frequently seen. 
The attempts at procuring eggs in New Brunswick were continued by 
Dr. Fletcher in 1867, and by Mr. Li-vingston Stone, of Oharlestown, N. H., 
in 1868. The latter gentleman was sent under the patronage of the States 
of New Hampshire and Massachusetts, and established a hatching-house 
on the Miramichi in company with Mr. Joseph Goodfellow, of New· 
castle, N. B., and under a permit from the Canadian department of marine 
and ft.sheries, on condition that half of the young fry produced should be 
returned to the streams of New Brunswick. 
Through delay in receiving the official sanction of the government they 
were prevented by the local authorities from taking salmon, it being 
the close season on the river. This, however, came in time for obtaining 
nearly a half million of eggs, about one-half of which were transported 
to the United States, and distributed to hatching·-bouses in New Hamp 
shire, Massachusetts, Oonnecticut, and New York. 
From 1869 until 1872 salmon ova were purchased by the New England 
States frotn New Brunswick culturists, and from Mr. Wilmot, and in 1871 
* For a foll history of salmon culture in the United States, see page 226. 
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the attempt at obtaining eggs from salmon within the boundaries of the 
United States was begun* by Mr. Atkins, of Bucksport, Me. 
The method adopted by him for procuring seed-fishes is by far the 
most efficient and certain of large results of any in use. The salmon, 
during the whole seasou prior to spawning, are obtained from the nets 
of the :fishermen by purchase, and are moved by means of wells or 
live-boxes to the ponds prepared for their reception, where they are 
retained until the ova are ripe. By taking advantage of their instinct 
for seeking suitable spawniug places they are at this time enticed 
into raceways, where they are easily taken by th~ operators, and 
the spawn and milt expressed, when they are returned ali'rn to the 
ponds. Several experiments were made to discover what character 
of water was required to preserve salmon in good, beaJthy condition 
while confined in the ponds. The conditions of temperature below a 
maximum of 73°, or the depth above a minimum of four feet, did not 
seem to affect them as much as the penetration of light into the body 
of water, as the experiments made in water darkened from the coloring 
properties of vegetation through which it ran were more successful than 
in very clear water, ernn where the depth was slightly increased and the 
temperature much lower. 
During bis :first year's experiments Mr. Atkins employed the dry 
method of fecundation, which had been brought to the notice of Ameri-
can fish-culturists by the translation from the Bulletin de la Societe 
d' Acclimatation, August, 1871, of the observations of Vladimir Pavlo-
vitche Vrasski in 1856. By reference to the essay on fish culture, by Carl 
Vogt, the embryologist, of Geneva, Switzerland, of which an abridged 
translation was published by George P. Marsh in 1857,t it will be seen 
that Vrasski was anticipated by him in the announcement at least, if not 
the discovery of this method.f 
In describing the process of artificial impregnation, Vogt says: "The 
eggs and milt should be. received in a shallow vessel C<?ntaining barely 
• See pa.ge 233. 
tReport on the Artificial Propagation of Fish, by George P. Marsh, Burlington, Vt., 
1857. 
* The studies of the embryologists from the time of Von Ba.er discovered the fact 
that the spermatozoa of many animals retained the power of movemeut for a, long time 
while subjected to a microscopic examination. In fact, Von Baer believed them to hav'e 
a separate, independent life from the animal to which they belonged. This view was 
confirmed by othel'B, and it was carried so far as to regard them as possibly infusoria, 
and as in their habit entozoic or parasitic, within the organs of animals. The fact of 
their independent life was first disputed by Treviranm, who believed their movement 
t-0 110 l" no \ olnntary character, and that in their structure and properties they were 
analogous to fibrils and particles in the pollen of plants. The later physiologists are 
inclined to accept the latter view, so that their po88888ion of life is as a pa.rt of the 
animal from which 111 • are thrown off. They have a. capacity for sostainiug vitality 
tor t 111•• r It• r l'' 1. lion, somewhat a the blood-corpnacles do in the operation of 
in pit ti, lial ~lla. They thus become the medium for thetransmis-
' I• 1t l ,, •11 • li l of the male to the egg of the female, which previously is 
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water enough to cover the ~ggs expecte.d to be obtained, and a little ex-
perience will enable the operator to estimate the quantity accurately 
enough. An excess of water is injurious because it dilutes the milt, dis-
perses the seminal animalcules, and diminishes the chances of impregna-
tion." On another page be says: "Since, then, the egg completes its ab-
sorption rapidly, and the currents attracted by it very soon cease, an·d 
since the seminal animalcules speedily lose their vitaiity in water, it is a 
matter of great practical importance to perform the processes for facilitat-
ing impregnation with as little loss of time as possible. The best method 
is doubtless to mix the milt with water and then immediately drop the 
spawn into the mixture, as the attraction arising from the absorption 
of water by the egg serves to direct and f'acilicate the movement of the 
animalcule toward the orifice, and this conclusion is abundantly estab-
lished by observation." 
It has been stated that Seth Green early applied these principles in 
fecundating eggs, and it is regarded as largely the secret of his success. 
If so, however, he kept his method a profound secret, not exercising it 
in public, or making any reference to it in his work. 
In 1872 Mr. Wilmot, in bis report* to the Department, asserts that. ex-
perience taught him each year to use less and less water, and, finally by 
experiment, that his greatest results were at,tained without water, and 
in 1872 he adopted the system of dry impregnation. 
The American system of dry impregnation, which from present record 
would seem to have been originated by Mr. Atkins t in 1871, differed 
from that of Vogt and of Vrasski, inasmuch as he did not dilute the 
milt or allow water to come in contact with eggs or milt until a full ap-
plication of pure milt had been made. The coutact was secured by 
moving the eggs rapidly in a pan, the milt and eggs being thus thor-
oughly mixed, after which water was poured into the mixture. 
ln the fall of' 1872 Mr. H.F. Dousman, of Waterville, Wis., extensively 
engaged in trout-culture, applied the dry method of fecundation and 
frequently with this modification, that, instead of obtaining contact of 
eggs and milt by stirring them together, be trusted entirely to the per-
sistent impulses of the spermatozoa to move directly forward, and cov-
ering the bottom of a pan with ripe trout-eggs, applied the milt in 
several spots, when, after a few minutes, it could be detected by its milky 
appearance to have dift'nsed itself among all the eggs. 
Mr. Livingston Stone, in his operations in California in 1872, while 
procuring spawn of the Sacramento salmon, (Salmo quinnat,) continued 
putting eggs into the impregnating pans until they were half filled be-
fore he applied the milt, a!1d then stirred them ~ith his haud until thor-
oughly mixed before he poured in water. He succeeded by this method 
in impregnating nearly 100 per cen tum. of the eggs.t -
• Annual Report of the Department of Marine and Fisheries (Canada) for the year 
ending 30th June, 1872. Appendices of the Fisheries Branch of Department Marine 
a.od Fisheries, p. 96. 
t See page 239. *Seepage 173. 
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The experience of all indicates that the continuation of vital function• 
after removal from the living fishes or while retained in the body after 
death is retained much longer by the eggs than by the milt. When in ' . Mr. Atkins's experiments they were taken at the same time, it was found 
that the eggs could be fertilized with fresh milt long after the stale milt 
bad lost a.II power. The series of experiments in different methods of 
fecundation by Mr. Charles G. Atkins* prove the dry method to be 
much superior in its results to the use of water at the time of expres,a.. 
ing eggs and milt. This seems to be the uniform testimony of all who 
have tested it. 
The apparatus used by Mr . .Atkins, in 1871, was the ordinary trougti., 
but instead of ~overing the bottom w_ith gravel, upon which to place 
the eggs, he arranged strips of glass transversely in frames, which were 
set all along the le_ngth of the trough, and about an inch above the bottom-
Upon these the eggs were placed, arranging themselves in parallel rows, 
and having a free circulation of water on all sides. 
In 1872 a large building was erected,t troughs put in, and wire~ 
· cloth screens or trays, on light wooden frames arranged ·about five~ · 
eighths of an inch from the bottom, were fitted to the troughs. These 
devices were improvements, tho~gh not the first in use,f upon the 
ordinary graveled troughs. 
The breeding establishments in different parts of the country received 
the salmon-eggs from places where they were procured arnl partially 
developed, and in this way they were distributed over a considerable 
extent of country, the most extensive distribution being made_in 18721 
under the direction of the United States Commiss10ner of Fisheries. 
In the first experiences of the culturists having the salmon in charge,. 
the young were retained for several weeks and even months after the 
yolk-sac was absorbed, in many cases a heavy per cent. of losses occur-
ring during the time. A general conclusion was arrived at that it was 
better to turn them loose much ear~ier, and this has become the usual 
custom. 
In 1872 the operations for procuring the eggs of the salmon of the 
Sacramento River were begun by the United States Commission of 
Fisheries, Mr. Livingston Stone being deputized for this work. The 
principal results of his experiences benefiting the art of fish-culture 
were the method of impregnating eggs in considerable masses and free-
ing them from the growth of cooferva by washing them in a mixture of 
sand and water. Mr. Stone attributes the origin of this suggestion to 
Mr. Woodbury, a ftsh-culturist of California, whom he had employed to 
assist him. 
The transportation of the impregnated eggs eastward, and planting 
t1 , , 1 11µ; fi8hes in the eastern rivers in large quantities, which has 
1 · undertaken by the United States Commission of Fisheries, is an 
• 1 • pp. 259 and 282. t See note, p. 247. i Referred to on a subsequent page. 
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extensive and novel work compared with all previous enterprises in fish-
oulture • and as far as the rivers of the Atlantic coast southward from 
' the Connecticut are concerned, salmon will experience no change in con-
ditions that will prevent a successful result, except possibly the gTeat 
numbers of nets that may hinder the ascent of the salmon in the rivers 
at the spawning-season. • 
A summary of the very important results that have been developed 
in the culture of salmon, enhancing the interest of :fish-culture, would 
beg,in with- . 
(1.) The official attention of States to the restoration of inland :fisheries 
py artificial propagation, which began in Massachusetts in 1856, but took 
practical shape in 1866, when Dr. W.W. Fletcher, ofCon~ord, was sent by 
the State of New Hampshire to obtain salmon-eggs from the Miramichi 
River of New Brunswick. In the same year the government of Canada 
began a like enterprise, and in Canada and the United States it bas been 
continued and become a successful and more and more extensive enter-
priBe yearly; aud since 1872, under the auspices of the United States 
Commission of Fisheries, an extensive distribution of this valuable 
species has been carried out. · 
(2,) In the culture of this species by the Canadian government and 
the State of New Hampshire, the first application in .America of the arti-
ficial propagation to a commercial fish of wide demand and extensive 
sale in the market was instituted. 
(3.) An improved method in impregnating, resulting in the fertiliza-
tion of ~lmost the entire quantity of eggs, and that is essentially an 
American method; as in the so-called dry method in Europe, in all in-
stances it is proyided that water should be used, though in small quan-
tity, while the method first used by 1\-ir. Atkins, and afterward by many 
:fish-culturists of the country, makes no application of water until after 
the eggs and milt have come thoroughly into contact. 
(4.) 1\-ir. Atkins's manner of obtaining seed-fishes by purchase through 
the whole of the period of immigration into thA rivers prior to spawning 
and preserving them in ponds, is an original method for obtaining an 
unlimited quantity of eggs, not, I believe, b~fore adopted in any country. 
In Switzerland living salmon have been transferred to new locations for 
natural sp~wning, or those about to spawn have been . transferred for a, 
short time to ponds, and the eggs taken; hut as far as we can learn} 
1\-ir . .Atkins was the first, at least on a large scale, to secure salmon in 
the spring, on their entrance into the river, and keep them for four or 
six months. 
(5.) The aITangement by Mr. Atkins of troughs having trays placed 
at a distance above the bottom was a decided. advance in apparati~s, 
from the facilities afforded in manipulation of the eggs and removal of 
sediment. · 
The shad.-In 1867, it was determined by the commissioners of some 
of the New England States to attempt the :cestoration. of the shad by 
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artificial propagation, and the aid of Seth Green. was obtained in the 
matter. He began his experiments at South Hadley Falls, on the Con-
necticut River, using the ordinary methods and apparatus in trout.-
batching~ which failed entirely to answer the purpose, because of the 
low specific grav_ity of the eggs and the coldness of the water used. 
He then attempted to ha~h them in floating boxes with wire-clotl 
bottoms, which proved for a long time failures, because of the difficultJ 
of producing a current inside of the boxes that would keep the eggs in 
motion, 1:1.ntil happily he tried the experiment with a box having the 
bottom tilted at. an inclination toward tbe current, when he found the 
eggs were gently and continuously stirred by the entering waters, and 
the proper construction of apparatus indicated. 
The quant,ities of young shad released into the river made a considel!t 
able impression on the fisheries three years afterward. 
This seems to have been the first attempt to artificially fecundate 
and batch the eggs of any species of this family, (Clupeidm,) which con-
tains species affording a very large proportion of the resources repre,. 
sented among the commercial food-fishes of the world, including the 
Astrachan herring of Russia, shad, alewife, herring, sardine, anchovM, 
menhaden, sprat, &c. The three first named are anadromous, and for 
these only, in the present state of .µsh-culture, will the art be available. 
There bas been no instance in the history of fish-culture where its 
application to the restoration of a species has so quickly and certainl~ 
afforded evident results as in the experiments of ~eth Green upon the 
~had of the Connecticut River. Mr. Green continued his work the 
succeeding year, using the same· model of box, which has not been 
improved upon since, though experiments with other models have been 
made by other fish-culturists on the Merrimac and Androscoggin Rivers. 
In 1869 he began on the Hudson River, nuder the auspices of the Sta,te 
commission, and a yearly increase of the species has resulted. 
In 1871 he successfully moved a quantity of shad to the Sacramento 
River, California, and in 1873 the United States commission transferred 
a large number to the same river. A few have since been taken in the 
river, and the State commissioner thinks that others have been captured, 
and the fact concealed, on account of the penalty imposed upon any 
one taking them during five years after their first planting in the Sac-
ramento. 
The New York commissioners have had considerable numbers put 
into the Genesee River of Lake Ontario, and an extensive distribution 
into the tributaries of the Ohio and Mississippi Rivers and great lakea 
has been carried out by the United States. 
The hatching of shad is prosecuted each year by Massachusetts, Con-
necticut. New York, New Jersey, Pennsylvania, and by the United States 
·111111 ii . i 11 . Foll references to these State and national operations will 
fo111 t elsewhere in the present report. 
THE HISTORY OF FISH CULTURE. 545 
The progress in the history of fish-culture in the United States 
resulting from its application to the shad may be summed up as-
(1,) The foundation of a hatching-establishment by a State. T-hough a 
permanent building or even location is not an accessory of shad-hatching, 
still, the ownership of apparatus and the continuance of its use from 
year tc year in the waters of a State are very properly to be considered 
as the founding of a hatching-establishment, and in this Massachusetts 
took the lead in 1867. 
(2.) The shad-box invented by Seth Green was an advance of very 
great consequence, not only because it made it possible to increase the 
shad, its most important result thus far; but because it is adapted to, 
and in fact suggested the possibility of hatching the striped bass, and it 
was also found by Mr. Stone to be quite convenient in bringing forward 
the eggs of the California salmon when his hatching-house was found to 
be filled and plenty of eggs still to be obta,ined. 
(3.) In the fact that young shad are delicate and with difficulty kept 
alive during transportation, the large amount of experience that has 
been brought to bear in their extensive distribution has led to improve-
ment in method and in a more explicit_ knowledge of the needs and 
requirements of young fishes during transportation. 
The white jish.-In. November of 1857 Mr. Carl Muller·, of New York, 
and Mr. Henry Brown, of New Haven, (see page 534,) having received 
from the State of Connecticut certain protective interests in Saltonstall 
Lake, near the city of New Haven, began a system of operations for 
stocking it with fishes, and tb.'e wall-eyed pike of the Ohio, the salmon-
trout, and the white-fish of Lake Ontario were all transferred to the 
waters of the lake by means of eggs procured and impregnated artificially. 
The account of the operation indicates a rather crude knowledge and 
method in the art of fish-culture, and it is probable that why a ~mall pro-
portion of eggs was hatched. The estimates of the number of eggs are 
very large. They were packed in moist sand and placed in the bed o{ 
the stream on their arrival, the white-fish eggs on a sandy shoal of less 
than three feet depth. The presence of young fish in great numbers in 
the following March and April was believed to result from the eggs, 
though the exceedingly common error on the great lakes of mistaking 
the schools of small cyprinoids for young white fish, which they very 
much resemble, except in the absence of the adipose dorsal, may have 
been repeated here. 
In the fall of 1858 the experiment was renewed. There has been no 
reference made to any permanent results from this experiment in . 
the reports of the State commissioners. 
A more successful series of tests were begun in 1868 by Seth Green 
and Samuel Wilmot in applying artificial culture to this species, and in 
the succeeding year by Mr. N. W. Clark, of Clarkston, Mich. They 
were found -to be very delicate and difficult to hatch in the first few 
S. Mis. 7 4----35 
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years of experimenting, but methods were perfected that made tb•eir 
production as certain and with losses nearly as small as in other speciefl 
The necessity of productio°: of immense numbers in attempting to 
multiply the market species of fishes established the fact that the 
ap11aratus used in trout-hatching had to be extended over a wide area 
to accommodate them. The culture of the white fish ,and the salmon .. 
trout induced modifications of apparatus at the New York State hatch-
ing establishment. · 
In 1872 wire-cloth trays were introduced within the troughs, placed 
one above another, four in depth. These trays were made of doubl-e 
lath on the sides and single on the· ends, so that the current in the 
troughs passed through the narrow Rpaces at the ends, :washing both the 
upper and lower sides of the wire-cloth on which the eggs were pla~ 
A large supply of water was afforded each trough. The ordinary bed 
of gravel remained at the bottom of the troughs, ii;t which the young 
fl.sh were allowed to rest and bide themselves during the greater part 
of the iyolk-sac period. 
This apparatus was in some respects superior to that of C. G. Atkin&, 
in the fact that it not only afforded facilities in manipulating the eggs,. 
but afforded economy of space. · 
In 1872, at tqe New York State hatching-house, a n~w device was 
invented (perfected in 1873) by Marcellus G. Holton, of Seth Green's 
staff', to obviate the defects of the ordinar,y graveled troughs, and even 
of the improved trough. The arrangement of wire-cloth trays within 
troughs afforded a ready manipulation of the eggs, and ~ better oppor,. 
tuuity for removing sediment and the omnipresent confervoid growth,. 
(A.cliljJa prolifera,) but did not afford in a sufficient degree the great 
desideratum of economy of space. 
This apparatus (see plate) consisted of an outside case or box of wood; 
with a pipe conducted from a reservoir of water into the bottom, and 
the top of the case befog below the source of supply, the water, of 
course, filled and overflowed at the top; within this case a series of 
wire-cloth trays were fitted, placed one above the other, from seven 
to eighteen in a. case; and in the largest size not more than eighteen 
inches square, and containing about 18,000 white-fish eggs to the tray, 
so tha.t in a space about 4 feet in width by 8 feet in length, 2,000,000 of 
white fish may be hatched, while at the very least twenty-five of the 
ordina1 ~ graveled troughs would be required for this number of eggs, 
fillin •· the space of a very large hatching-house. 
In 1873 a device to accomplish like results was made by Mr. N. W. 
Clark, of Clarkston, Mich., and patented in 1874. (See plate.) 
Thi , rrangement employed the troughs, but divided them into com-
p: 1 t Ill , t by means of water-tight partitions or bulkheads; into each 
com •. 1 tment a box containing a series of trays filled with eggs is placed 
a 11 I <•11 •Pl with a pan of perforated tin, upon which the water falls 
·u tl through the perforations upon the screens and eggs be-
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neath, passing through all and escaping at the bottom, afterward flow-
ing over the partition upon the cover of the next box, and so through-
out the series of compartments until it escapes through the waste-way 
at the end of the trough.• ' 
By this arrangement a very small quantity of water is r~quired for a 
very large nt;1mber of eggs, and all the advantages of handling and 
removal of sediment and considerable economy of space are afl'orded. 
Another combination of the 'trough and tray methods is in use in Cal-
ifornia, devised by Mr. John Williamson, of the Cal.ifornia Acclimatizing 
Societ,y. This is very similar to the one just described, except that the 
flow of water through the screens and eggs is from below instead of' 
from the top. This model was not the result of work in white-fish hatch-
ing, as in the case with the two first mentioned. 
An experiment was made by Mr. N. W. Clark in th'e hatching of white-
fish eggs, which: were laid in singlelayers of woolen cloth stretched on 
very thin frames of wo<;>d, packed in a box irubedded in sphagnum moss 
within a refrigerator and the whole kept at a temperature a little above 
the 'freezing-point by ice. The eggs are left entirely undisturbed after 
they are first ~rranged, and the only care on the part of the attendant 
is to keep the temperature above the freezing-point. The presence of 
dead eggs does not seem to contaminate the living ones in this condition, 
and very little confervoid growth appears. A quantity of eggs carried 
forward in this manner through the winter appeared to be in excellent 
condition, development progressing slowly, and a few taken from the 
cloths and placed in spring-water hatched out within a short time as · 
well-developed embryos.. If this method, after full and thorough 
trial, should prove successful, it would make the work of hatching a 
matter of neither effort, care, or expe.nse. It has been a matte:r of too 
short experience and of experiment on too small a scale to warrant its. 
positive success. 
An improved case for the carriage of eggs long distances by railroad 
is another device perfected by Mr. N. W. Olark in 1872. It is a .modifi-
cation of the ordinary case containing circular cups, the cups being 
square, and in t,his form economizing space very much. The cups of 
tinned iron, about four inches squate and two inches high, ·rest in trays, 
with low partitions forming low compartments that retain the bottom 
of' each cup and hold it solidly in place. The trays are set within a 
square tin box, in which they fit with moderate tightness, and are 
placed, when containing the cups, eight or ten in the box, one above the 
other; this box is set within another box of tin large enough to leave 
an open space on all sides, to. be filled with sawdust; a tube is inserted 
through the bottom of the inner box, pieroing the bottom of the outer 
one, so as to permit communication with the air on the outside; the 
whole is then placed for protection within a strong wooden box, in the 
bott~m of which is a frame restiog upon stiff springs w h1ch relieve the 
* For full description see plate and explanation. 
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eggs from heavy jarring; rubber or cloth ~umpers on the sitles of the 
box prevent lateral swaying and jolting. A cover is fitted to the inner 
box, which may then be covered with sawdust to the level of the high~~ 
outer one, when the cover of this is to be shut down. The outside wooden. 
box is fitted with handles and with a tight lid on hinges, which may be 
locked. Small auger-holes are bored through the outer or packing box antl 
air may be admitted to the whole interior of the egg-case through the tube 
referred to in the bottom, the cups being pierced with small holes, so 
that when in place they are directly over circular openings in th~ tra.y!Ji 
and a communication of air is established throughout. 
The eggs may be packed in moss, in the ordinary manner, in the cups 
which experience seems to prove to be the best manner for long jour-
neys. 
The method of Mr. Atkins in shipping salmon-eg~s packed in mossl 
but with pieces of mosquito-netting laid above and below the eggs, is a 
great convenience in unpacking them, and could just as well be applied 
in the cups. This, though less simple than the ordinary egg-carrier, is 
sufficiently simple for practical purposes, and possesses roost importallt 
advantages for carrying eggs long distances and over rough roads, the 
small area of surface within the boxes preventing any tendency of the 
eggs to slide together at one side; the square boxes resting in trays are 
put together in much more compact form tha:Q the cylindrical boxes, 
embedc.led in moss, and the springs beneath the l;>0xes of eggs are of 
course an important addition. 
Mr. Clark believes the hatching-apparatus in the refrigerator to be as 
well adapted for the carriage of eggs as for hatching them. 
The use of surface or brook water in any permanent establishment 
seems to have been first employed by Mr. Samuel Wilmot, of New Ca~. 
tle, Canada, the greater number of hatching establishments using· 
spring-water. 
In the hat~hing of white-fish, Mr. Clark has contended for the use of 
brook-water in preference, because of its lower and evener temperature 
throughout the winter, and the consequent retardation of the hatching 
of the fish which he has contended is an essential provision in nature to 
~heir welfare, and that the hatching t.bem two months or more previous to 
the natural time under artificial conditions is a mistaken method that 
will not result in the maturing of any considerable numbers of the cold 
waters in which they are released. Though this view has not been es-
tablished by practical observation, yet it raises a question of consider-
able importance that merits a full discussion of its character 'and bear-
ing on the practical work of fish-culture. A few extracts from a letter 
of Mr. Clark to the board of fish-commissioners of the State of Michi-
gan, will ad\""ance his arguments in favor of brook or surface waters in 
p ·1· • ·l ,. •·t· to spring-water. Mr. Clark began bis experiments with 
whi t1 .fish in 1869, batching a small percentage of the eggs he pro-
r u ,. : 
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"In November, 1870, I started again for Ecorse for the purpos() of 
procuring more spawn. Mr. George Clark, at his fiRhery, very kindly 
rendered me all the aid in bis power, furnishing the parent fish for the 
purpose of trying further experiments in this new enterprise. I suc-
ceeded in obtaining all the spawn needed for further trial, but he was 
so anxious to make it a success that be sent bis man to me with an ex-
tra Jot which be thought might be in better condition. , I sucGeeded in 
hatching a much larger proportion of them than the year before, but 
raisiug them with artificial food was attended with no better success. 
This second effort and failure led me to investigate the cause, and after 
much thought I came to the conclusion that if we ever succe~ded jn 
making this branch of pisciculture a success, we must study the pl'inci-
ples of nature more than bad ever been done before. I became ful1y 
satisfied that by arrangfog so as to use water taken from a pond or lake 
entirely frozen over, it would retard the development of the eggs to the 
time required by nature, ~hich proved by subsequent experience to be 
about .April l. I then consulted Messrs. George Clark and John P. 
Clark, and made known to them my convictions, and so strongly were , 
they convinced that I had struck the key-note to insure ultimate success 
that they proposed to furnish an the necessary materials and a portion 
of the labor to enable me to go on and erect a large batching establish-
ment. This was located about 80 rods below the spring where we had 
been experimenting the two years previous with the uusatisfactory re-
sults above stated. This location was supposed to be a sufficient dis 
tance below the main spring, so that by damming the water and raisin·g 
a pond it would freeze over and remain so during the period of incuba-
tion. 
"Our views proved to be correct, as the 500,000 of eggs which we 
placed in the hatching-boxes November 15 of that year were preserved 
in fair condition, and with one-quarter less labor in caring for them than 
formerly. llhey did not commence to hatch until April 1, and it was es-
timated that we succeeded in hatching at least 50 per cent. of the eggs 
we had taken four and one-half months previously at the fishery of 
George Clark. 
"Of these you11g fry, some 100,000 of them were put in Detrpit River, 
at or near his fishery place, and no doubt at this time they are thriving 
fine1y in the waters of Lake Erie, which abounds with abundant natural 
food for ~hem, and in a year or two more they will doubt,less return to 
the same place where they were deposited. The balance of them we· 
placed in three small lakes in Oakland County, some of which have 
been seen within the last few months, doing finely. 
" This experiment proved so great a success that again, the next No-
vember, 1872, through the encouragement of the Messrs. Olark and the 
United States Fish, commissioner, I doubled the capacity of this batching-
liouse and procured 1,000,000 of the ova from the same grounds, and pro-
ceeded as before with some improvements I made in the modus operandi of 
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hatching about February 20. Mr. ~ilner, deputy United States com-
missioner, arrived at this place for the purpose of aiding me in packinl 
and shipping a lot of the ova, which were then in an advanced stage of 
incubation. We estimated from ~ctual count that 66 per cent. were in 
such an advanced state that they were secure from any further mor-
tality. We then shipped to San Francisco _216,000 in the most perfoo, 
condition. 
,, Abo~t March 10 I received an order from the commissioner at Wash-
ingtoij to send the same number again to the same place, whicli I should 
have done, but from the fact that the eggs had become so far advanced 
that I felt quite confident_ they could not be transported so great a dis-
tance successfully, and only sent 116,000, which I am most happy to 
have heard arrived in excellent condition. Soon after this the weathel 
became much warmer and the ice all thawed from the pond, and by the 
20th of the mouth the eggs then remaining in the troughs commeuced 
hatching. The water had then risen to a temperature of 45 degre~ 
which sudden change caused the eggs to turn white, and soon all were 
worthless. Quite a large number had already hatched out, and I 
remo\"'ed pa.rt of them to the same lake where Mr. George Clark and 
myself had put in a large number the ye~r before, and placed about 
25,000 in a small lake at Clarkston Village. 
"This suclden change in the condition of these eggs I cannot account 
for, only from ·the fact of the change in the temperature of the water at 
this late sta,ge of thei~ development. I am fully satisfied that if the 
ice bad remained in the pond as late as the previous year I should not 
have lost two per cent. from the time I made the last San Francisco 
shipment. 
l, This experience satisfied me that spring-water, although it may not 
be used until it advances a long way down from its source, is not the 
place to hatch white-fish. Although this pond was ciear from ice March 
15, the ice remained in our lakes in this region until May l.. 
"This species of eggs, and especially those not good and not perfectly 
impregnated, placed in spring-water at a temperature of 46 degrees 
(which is about the same as all good springs) in winter, will start out 
a growth of vegetable fungi more than four times faster than if placed 
in water at 33 degrees, which is the temperature of ice-water, and it is 
next to impossible to 'employ help enough to pick out the dead eggs 
(when iu spring-water) when you have over a million, as I had the fast 
two seasons. 
"Even in ice-water last winter, which preserved the eggs much longer 
ban in 1 11 0 •• water, it required from eight to ten persons to keep them 
1 1 f.q 1 , , 1 ir ioo, and then sometimes they were necessarily left too long 
111 , 1 1 u.ti vorable condition. 
11· are conclusive proof to my mind that the ova of white-
i. l . 1 1111d lu· ·1 entire) away from the influence of spring-water or . , 
" b1ch will be liable to change during incubatioIJ, and all 
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houses where white fish are to be hatched should be constructed upon 
some lake or pond that freezes over early and does not thaw out until 
April 1. . 
"it is stated as a reason why spp.ng water is better for hatching fish 
eggs than lake water, that it is generally more free from sediment, some 
kinds of which are highly detrimental to the successful batching of the 
fish ova. Whereas our inland lakes freeze over early in the fall, and 
are not free from ice until late in the spring. This ice is perfect protec-
tion against any tlgitation of the water, and gives an opportunity for 
any sediment that may be in it to settle to the bottom, where i•t must 
remain until spring, and until the eggs are batched and distributed. 
Consequently the water in all of _our inland lakes is, during , winter, as 
clear as crystal. 
"You also wish me to give my views in reference to using Detroit 
River water. To this I will frankly say that I should much prefer it to 
any spring water in this or any other State for hatching w bite fish. 
But there are some objections which arise in my mind even to this 
water. I am aware that this species of fish are natives of our gre_at 
lakes and rivers, and consequently it would be supposed that this water 
must agree with them, and that success would be certain if this water 
was used. But haR it not occurred to a.U persons who have gifen this 
subject much thougltt that much the large~t proportion of these lish run 
to the shoals of those lakes during spawning season po deposit their ova Y 
These shoals are the first to freeze over ip. the fall and the last to thaw 
in the spring. This keep,s at nearly . the same temperature during 
incubation. Although it may be said that during their Il}igration from 
Lake Erie to Lake Saint Clair some deposit their spawn in the rivers; 
it is not very probable that much of it is hatched; 
"I am aware that many hatch in and about the ponds where the fish-
ermen preserve their fish for winter use. This tends to prove that the 
shoals are the place where they hatch most lar.gely, as the ice remains in 
these ponds much longer in the spring than in the strong current in 
Detroit River. · 
"If water is used from this river it must change in temperature many ' 
times during the winter, as it is well known that the ice leaves the river 
quite often during the four-and-a-half months of the period of incuba. 
tion. No one can gainsay the fact that in the batching of fish ova; if 
the water is of a perfectly even temperature, it will be attended with 
more favorable results than when frequently· changing, from any 
cause, even if such change i_s not more than two or three degrees. Is it 
not also a fact that the ice frequently leaves the lower part of Lake Saint 
Olair early in March! If so, would not the westerly winds roll the 
water in the upper part of the river i This sediment would be depos-
ited on the eggs, and _in consequence of its fine, cl~mmy nature, would 
be injurious to them. I noticed this was the case in a little experimental 
arrangement of A. M. Oampau, some two years since, where this water 
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was used. I examined these eggs several times during this procesa, 
and found a fine, clammy substance accumulating on them. They were 
gradually dying, and I do not think any were batched. These eggs 
were taken from our hatching-boxes, and were in perfect condition, as 
they were so far advanced in development that the embryo ti.sh could be 
plainly seen with the naked eye. For these reasons. I am forced to the 
conclusion that there is more suitable water for hatching this species of 
fish-eggs than the Detroit River. 
"I wish, however, to have it distinctly understood that salmon, sal-
mon-trout, and brook-trout should be incubated in pure spring-water, · 
as they will hatch the latter part of January or early in Febmary. They 
have an umbilical sack from which they derive tlleir subsistence, and 
which takes about fifty ·days to absorb. They do not require food dur. 
ing this period. After this, by feeding them a few days, they will do to 
turn loose in water adapted to them, where they will find their own 
food. .b'or these reasons it would be very desirable if yo~r commissioJ 
could find a location where both spring and lake water could be sup-
plied in sufficient quantities to insure the success of breeding both kinds. 
" Most respectfully and_ truly yours, , 
"N. W. CLARKE. 
'' Clarkston, September 13, 1873." 
In conclusion, the advant~es afforded American :fish-culture from the 
cultivation of the white-fish as they have just been enumerated: These 
are; (1) more careful and perfect .methods, resulting from the experience in 
the culture of the most delicate and difficult species whose propagati()n 
has been attempted by culturists; (2) the perfection of three forms of 
apparatus for batching fish-eggs, embodying the important improve-
ments of facility in handlfng the eggs and removing sediment and con_ 
fervre, and greatly economizing space; (3) the contrivance of a superior 
case for the carriage of eggs; and, besides, a possibly successful, en-
ti'rely new method in the hatching of eggs and the discussion of and 
practical test~ of conditions of water suitable to the eggs of a species 
that we are not (at any rate thus far) able to supply with food. 
The Otsego ba.ss.-Another species (T) of white-fish ( Ooregonus otsego) has 
been successfully propagated at Cooperstown, N. Y. A large quantity 
of eggs were impregnated in the autumn of 1871, and in the following 
l\farcla several thousands of young fishes were set free in the lake. In 
1873 a larger number were released, and a quantity of· eggs put into the 
batching-troughs. · 
The salmon-trout.-In the fall of 1857 and 1858 a large number of eggs 
of almon-trout were obtained for Saltonstall Lake in Connecticut from 
I. l.1 Ontario. The enterprise is referred to more fully on page 534. 
- minor experiment in hatching salmon-tron~ or Mackinaw trout. 
', 11111 ,111ma.ycush,)was made by Mr. Samuel Wilmot, of Newcastle, Oan-
·i "· in 1,' , . He also obtained. a hybrid between a male Salmo salar 
11 , · 'Illa! · 8. namayC'Ullh. The next published records we have of ex· 
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periments· are by Seth Green and by N. W. ,Clark in 1870. Mr. Clark's 
was with but a few eggs. In an address before the legislature of Micbi- · 
gan, be refers to the fact of having young salmon-trout on exhibition.* 
The quantity of eggs taken by Seth Green that year an'd hatched was 
very large; and the fish proving to be a great favorite among the people 
of the State, he has continued to breed it on a large scale, and it has 
been widely distributed throughout the State. 
The greatest drawback in the culture of this species is the difficulty 
and danger attending the procuring of the eggs. 
Tho spawning-places of the fish in the region of the batching-houses 
ism the open lake; and the time when the ova are ripe is in October, 
when there are frequent storms, so that going out in an open boat to the 
nets is a task of hardship and danger, and has resqlted, in a late 
instance, in the loss of six men, one of them Marcellus Holton, an accom-
plished fish-culturist and the inventor of the Holton hatchingl>0x. There 
are however, points ou the lakes accessible by steamer, though not con-
tiguous to the breeding-establishments, where the salmon-trout spawn-
ing.grounds are near the shore, and even entirely land-locked from wind 
and sea. 
The striped bass.-In connection with the work of th~ United States 
Commii;;sion of Jnsheries, a successful experiment has been mad\3 which 
bids fair to be one of great importance in connection with· the history of 
fish-culture. In 1873, Mr. Marcellus Holton, one of the men who were 
lost while obtaining the spawn of the salmon-trout 011. Lake Ontario, was 
employed by the United States Commissioner in the work of shad-propa-
gation on the Roanoke River, North Carolina. While at the fisheries 
near Weldon, he procured and impregnated the spawn of the rock-fish, 
(Roccus lineatus,) and succeeded in hatching then. The appended letter 
giv~ his method and the ex~ent of his success: 
"WELDON, May 22, 1873. 
"DEAR Sm: I think, from indications obs~rved, that the rock-fish 
spawn in. the day-time. We find the eggs are much lighter and more 
delicate than those of the shad. We have afforded them similar treat-
ment, using the shad-boxes, and I think it is evident that they hatch a 
little sooner, but do not feel sure on this point, as I was obliged to move 
the boxes, while containing the eggs, below the falls, and the water was 
very rough while passing the rapids. I was compelled to move them 
because of the rapid rising of the river, which threatened to flood us 
out on the low shore, ,vhere we were encamped. It is quite possible that 
this hatched them prematurely. In twenty hours after impregnation, 
and before they were exposed to the rough water, the fish within th~ 
egg showed signs of lifo, and in forty hours kicked lively. 
* Pisciculture, or Fish-Farming: an address before the legislature of Michigan, &c. 
Delivered at Lansing, February 28, 1871, by Hon. N. W. Clark, of Clarkston, Mich. 
petroit, 1871. Page 21. 
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"They escape through the meshes of the :wfre-cloth as fast as they 
· hatch. It will take at least twenty-four wires to the inch to hQld them, 
and I think the eggs require less current than shad-spawn. 
"Yours, 
MARCELLU~ G. HOLTON. 
"Prof. SPENOER F. BAIRD, 
" Washington, D. 0." 
Mr. Holton. in another letter, reported the eggs obtained from two 
spawners at 120,000, and out of these he estimated the -number hatched 
at about 70 per cent., or 80,000 young fry. The female parents weigh0!1 
six and eight pounds. The eggs were nearly equal in size to those of a 
shad; the newly-hatched fry were somewhat smaller. 
The fact that the ova were non-adhesive, milike most of the percoi<I 
fl.shes that have been dealt with, was a matter of surprise. The weight of 
the spawning-fish is somewhat _less than has usually been attributed to 
rock-fish in spawning-condition. If lo<'alities can be found where rock-
fish may be taken in sufficient numbers in the breeding-season, the 
increase of this species is probably as sure to be effected as that of the 
shad has been. · 
We append a list of the species already referred to, and also of those 
with which small experim~nts ha.ve been made, with varying 8uccess,. 
in the UnitEM States. The perch, (Perea flavescens ;) the _wall--eye4 
or glass-eyed pik~ ( Stizostedium americanum ; ) the rock -bass, ( Roccut 
lineatus ;) the salmon, (Salmo salar ;) the California salmon, (Salmo 
quinnat ;) the brook-trout, (~dlmo fontinalis ;) the Pacific coast brook-. 
trout, (Salmo iridea ;) the Utah trout, (Salmo virginalis ;) the land-
locked salmon, (Salmo sebago ;) the salmon or Mackinaw trout, (Salm<> 
Mmaycush;) the lake white-fish, ((Joregonus albus;) the Otsego bass, 
(Ooregonus otsego ;) the lake-herring, (Ooregonusclupeiformis ;) the gray-
Iing, (Thymallus tricolor;) the shad, (.Alosa sapidissima ;) the alewife, 
(Pomolobus pseudo-harengus ;) the common sucker, (Oatostomus com• 
munis;) the shiner, ( Stilbe crysoleucus;) the corporal or chub,( .Semotilul 
corporal-is.) 
Oollating from numerous authorities on fl.sh-culture in Europe, we are 
enabled to give the following list: The burbotor la Zotte, (Lota vulgariB;) 
the salmon, (Salmo salar ;) the sea-trout, (Salmo trutta ;) the river-trout, 
(Balmo fario); the lake-trout, (Salmo lacustris ;) the ombre chevalier or 
rothel, (Salmo umbla ;) the charr, (Salmo alpinus ;) the hucho, (Sal1no 
hucho ;) the laveret, (Ooregonus laveratus ;) the fera, (Ooregonus fera;) 
the marmna, ( Ooregonus marmna;) the paMe, ( Ooregonus palea; the Gore• 
gonus albula ;) the grayling, (Thymalliis 'Dulgaris ;) the carp, (Oyprind 
carpio ; ) the cru cian carp, ( Oyprinus carassius ; Oyprinus kolf ari,i,;) 
t t• t.•111"1 , (Tinca vulgaris ;) the white-bream, (Alwamis blioca;) the 
a \1k "· (Oypi'in 11 s alburnus ;) and the sterlst, (Aoipender ruthenus.) 
• 11 · I, l I id claimed to have been produced artiflcia11y, which but 
• , • 1 1 • h ve attained maturity, we give the following list : 
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EUROPEAN SPECIES, 
Male. 
The salmon, (Sp,lmo salar.) with 
Do., do. do. 
Do., do. do. 
(¥) Ombre chevalier, (Salmo umbla.) do. 
The river-trout, (l?Q,lmo fario.) do. 
Do., do. do. 
Theombre ·chevalier, (Salmo umbla,.) do. 
1.,he lake-trout, (Salmo lacustris.) do . 
Female. 
The river-trout, ( Salmo fario.) 
The lake-trout, (Salrno lacustris.) 
The ombre chevalier, (Salmo um-
bla.) 
The salmon, (Salmo salar.) 
Do.,•, do. 
The ombre chevalier, (Salmo um-
bla.) 
The river-trout, (Salmo fa.rio.) 
The salmon, ( Salmo salar.) 
.A.MERIC.A.N SPECIES. 
The white-fish, (Ooregonus albus.) 
The alewife, (Poniolobus pseudo-ha-
rengus.) 
The salmon-trout1 (Salmo namay-
cush.) 
The shad, ( Alosa sapidissima.) 
The advances made in the art of fish-culture by its adoption in this 
country are now extended by its application to a number of new species. 
In the family of Olupeidm nothing seems to have been attempted in 
Europe, while in America tbe culture of the shad (Alosa twpidissima) is 
one of the most extensive and successful efforts in fish-culture, and that 
of the alewife (Pomolobus pseudo-harengus) has been experimented upon 
with success. 
In the genera ot Salmo, Ooregonus, and Thymallus there is entire simi-
larity of condition petween American and Europe.an species, thoug·h the 
species are different; except in the case of Salmo salar. 
In apparatus there are several advances. Though in considering 
the shad-box (see plate) we find the :floating-box with wire-gauze in use 
in the old world for years,* still its inclination to the current, in the 
manner of Seth Green's patent, is an improvement in proilucing a com-
plete and continuous circulation of w:ater. · 
The tray-methods of.Holton, of Clark, and of Williamson (see plates) 
are of great importance in economy of space, in the facility for manipa .. 
lation of the eggs, and, in saving of expense, because smaller buildings are 
sufficient for the accommodation of apparatus, and from the compact• 
ness of the apparatus more labor can be accomplished than with the ex-
tended trough method. 
Improvements in egg-carriers and in vessels for transporting young 
fishes have been referred to on another page. 
The advance made in method!-l . of impregnation and care of ova 
are the results of continued experience and study. The so-called dry 
.. See Vogt's Essay on ltish-Culture. Translation in Report on the Artificial Propa-
gation of }~ish, by G. P. Marsh, Burlington, Vt. Page 41. 
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method of impregnating ova in .Europe and the more properly dry 
method· of America are the most essential improvements, as they have 
increased the results from a given number of ova in a large ratio. 
It will be observed that advances have been made both in apparatll 
and in methods by the extension of the application of the art to new 
species of fishes. Seth Green's shad-box was the result of t,he e.xp("ri-
ment in hatching shad. The tray-methods of Holton and of Olark we:re 
the result of attempts iu hatching the lake white-fish, a species that at 
. first gave discouragibg results to the efforts of those who attempted it: 
An improved knowledge and system for transporting Ii Ye fishes resulted 
from the distribution of shad; a species that was found to be exceedl 
ingly delicate, and requiring great care in transportation. 
The American system of dry impregnation ·was discovered in the sal-
mon-breeding establishment of 0. G. Atkins. Different conditions and 
necessities arise in the experiments with each species, and new ideas 
more or less applicable to other species are developed. 
The application of fish-culture to species having adhesive eg·gs bas 
scarcely begun in this country; a few experiments with the glass-
eyed pike, the perch, and with a .species of the smelt are all that 
have been recorded. Experiments with one of the sucker-famili, 
Oalastomidm, and with a, cyprinoid, are referred to without stating the 
character of the eggs, which were probably adhesive. The eggs of the 
ale wife have proved adhesive for a considerable· time during and after 
impregnation, but are not to be included in permanently adhesive eggs• 
In Europe there has been a great deal done with this group of 
fishes; the carp, of several species and varieties, engaging a great deal 
of attention. 
The value of this fish as an accession to the number of food-fishes of 
the United States is a matter of importance. The estimates of their 
qualities as table-fishes are very varying and contradictory. 
Those who are familiar with the food-fishes of the fresh waters through-
outEurope assert that this arises from the difference in quality of different 
varieties and species; and that while some of them are excellent and 
palatable, others are very inferior. Among those of superior quality are 
the Oyprinus carpio, var. nudus and var. re:c-cyprinorum, the spiegel-carp. 
The first variety is destitute of scales, having a velvety skin that en-
hances the table-qualities of the fish. The latter has a row of scales 
near the dorsal line, and another near the ventral margin. The former 
is found chiefly in the Lower Danube, and is spoken of as a species very 
superior in flavor. Among the more inferior ones are Oyprinus carassius, 
the crucian carp, and the hybrids with this and other species. 
It i claimed by Francis Francis, editor of The Field, London, England, 
l , 11111 that the carp attains much better qaalties in flavor, as a game ti8h, 
in I, 1 _ • ri ·1 · than it does in ponds. 
-=-~------------------1 I ( • I 111 1 practical ,tuide to the modern sy~tem of rearing and breeding fish 
"' i ·r 11 ; Pi • Div. Accl. Soc. of Great Britain. London, 1865, J, 
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They are especially valuable because of their adaptation to ponds and 
even stagnant waters attaining a high degree of beat. In addition to 
their value as food for man, they will be of great utility in-affording a 
supply of food for those piscivorous fishes it is desirable to propagate; 
being, it is said, in a considerable degree herbivorous, they can exist in 
large numbers in the ponds with black bass, glass-eS,-ed pike, or the mus-
kellunge, without reducing the original food of these fishesin the waters, 
and, of course, increasing it in a considerable degree in the presence of 
their own young. 
The procuring of cheap food for the fishes in the troughs, in the nur-
series and the ponQ.s, has been obtained, to a considerable extent, in this 
way in Germany and Russia, and, jt may be, would be found to answer 
for our brook-trout. 
Another fish, the introduction of which is desirable but whose propaga-
tion may be left entirely to nature, like that of the blac~ bass, is the 
gourami, ( Osphromenus olfax,) a sp·ecies that is prolific, attains consid-
erable size, of most excellent flavor, and is especially advantageous 
froiii the the fact that it is adapted to the warm water-ponds of the 
warmest temperate and subtropical regions. It can be readily intro-
duced in the soutbern portions o.f the United States from China or from 
Algiers; in both countries it bas been introduced, originating in the 
l\falaccau Islands. (See. Department of Agdculture Report, 1866, p. 417.) 
Although the loss of eggs before hatching has been reduced to an in-
considerable minimum by means of improved methods of impregnation 
and care during hatching, still there are many things to be accom-
plished before any high degree of perfection in the culture o.f fishes will 
be attained. One of the most import.ant desiderata is the prevention or 
cure of the omni-present confervaceous growth, (Achlya prolifera.) Nu-
merous experiments have been tried by men skilled asfish-culturists 
and chemists without accomplishing anything that receives general 
application and approval. The application of salt-brine has b~en advoca-
ted.• Experiments have a,lso•been made with solutions of acids and 
alkalies. 
The apparatus for packing eggs in boxes covered with ice and moss, 
so that the low temperature may retard the growth of the confervre, 
has been described on page 547·. 
At Mr. N. W. Clark's hatching-house the eggs of the white-fish during 
the past winter have been daily rinsed free from adhering sediment and 
the developing parasites by agitating the trays containing the eggs in a 
shallow pan of water. This, though it may appear a rather violent 
treatment of the eggs, has been kept up throughout the winter without 
apparent injury, and a large percentage of young fishes bas resulted 
from the eggs thus treated.. 
A uniform system in the estimation of the numbers of eggs, and con-
sequently a more reliable estimate of the percentages hatched, has been 
• On page 174 will be found an account of the method employed to clean the eggs 
of the Sal11W quinnat from t~.is foul growth by means of sand and water, 
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referred to on page 442, under the head of '' The artificial culture of the 
shad." 
In order to make the progress definite and rapid, a continued 
series of systematic observations of the work in the hatching-house 
is essential. And these should not be confined merely to what many 
would consider the ,more practical points· in the" different process'tl! 
but should embrace, in addition in.any of the minor conditions and 
phenomena. For instance, in the rather full memoranda of each day'~ 
work in shad-hatching in the New York State reports, we have the 
date, number of shad taken, the number of ripe females, the number 
of eggs, and the temperature of the water in the morning and at nigq.t. 
From a long series of these observations carefully carried on throug;\lj a 
number of years, ~e might anticipate the working-out of many of the 
relations between temperature of the rivers and the ascent of the shad; 
possibly, too, the relation of the ripening of the spawn in the ovariefit 
of the fish to the temperature, in which it is quite probable some very 
interesting facts may be developed. For example, nearly all shad-fisher, 
men have observed the fact that female shad with full roes are takeQ 
to the very end of the fishing-season, and we do not absolutely know 
that all the mature female shad ripen the ova and spawn before return-
ing to the sea. The addition to the memoranda of the number of ripe 
male fish obtained would have been of value, as there -is evidence indi-
cating that a considerable number of the males are ripe and begin losing 
the milt before many females are ready to spawn; and toward the close 
of the season it is often difficult to obtain a sufficient number of males 
to impregnate the spawn; the record of the number of ripe males 
obtained would throw light upon this po_int. In the Massachus~tts 
reports are given the number of fish taken at each haul, and the time of 
day when the haul was made. These afford data for a knowledge of 
the movements of the fish while in the rivers, to what extent they are 
nocturnal, and the like. Among other things, a record of similar char-
acter in a trout-hatching house might result in affording an accurate 
comparison of the vigor and rertility of eggs from domesticated fishes 
and from wild ones, together with other changes in the fish, a.s to time 
of spa,ming and the like. 
E-ALPTIABETICAL LIST OF AMERICAN FISH-CULTURISTS 
A.ND OF PERSO..NS KNOWN AS BEING INTERESTED IN 
FISH-CULTURE. 
1.-. ames of persons who are or have been practwaUy engaged in 'fish,.. 
culture.• 
. i11 worth, Stephen H., West Bloomfield, N. Y. 
·I I, I • .le,., Har\"ard, .McHenry County, Ill. 
---------------
.I', 111 • 11011 or additions, ifsent to the United States Fish Commi88ioner, Washing~ 
n, I 1 • ill h introduced into future list.e, which it is hoped will more completely 
1r • •11 l L 1 111 of fish-cnltnristB. 
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Bacon, William, (Dexter, Bacon & Coolidge,) West Barnstable, Mass. 
Batley, G. S., Portland, Me. 
Bond, Amos, Chicopee, Mass. 
Booth, H. C., Charlmont, Mass. 
Bowles, B. F., Springfield, Mass. 
Bridgman, J. D., Bellows Falls, Vt. · 
Burnett, Joseph, Southborough. Mass. 
Campbell, E. K., M. D., Saxton's River, Vt. 
Campbell, Messrs., Mumford, N. Y. 
Chandler, Fred., Alstead, N. H. 
Christie, H.P., (Y) Clove, Dutchess County, N. Y. 
Clark, N. W., Olarkston, Mich. 
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Revere, J., 93 Beacon street, Boston, Mass. 
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Scott, George S., Stonington, Conn. 
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Willis, George F., Putnam, Conn. 
Wolle, jr., Alexander, 2 North Eutaw street, Baltimore, Md .. 
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XXII.-PAPERS RELATING TO. PRACTICAL FISH-CULTURE • 
. A-METHOD OF TREATING ADIIESIVE EGGS OF OERTAIN 
FISHES, ESPECIALLY OF THE CYPRlNIDJE, IN ARTIFICIAL 
PROPAGATION. 
BY RUDOLPH HESSEL. 
[!I'rans]ation. J 
0FFENBURG, GERM.A.NY, May 3, 1872. 
In giving the following instruction for hatching the eggs deposited 
by certain fish in the summer-time, I thought it best to select the species 
of Oyprinidm, with adhering eggs, for my communica•tion. Such eggs are 
of larger size compared with those of the other Oypri-nidm, and thus the 
manipulation of impregnation and the observation of the progressing: 
changes are much facilitated. Besides this, it is a fish of gteat value for 
table-use and for feeding other fish, and is, in all probability, (though I 
do not know with certainty,) already introduced into your country, so 
that you will have no difficulty in procuring male and female specimens 
for your batching experiments. 
The carp have adhering eggs, ancl witll reference to thi~ peculiarity, 
the mode of impregnating and the arrangement of my hatehing-appa,. 
ratus are based. 
I presume if you cannot obtain any carp, other Cyprinidm with ad-
hering eggs might be substituted; even the percoid Perea fluv ·iatilis, 
(Linne,) which has adhering eggs, would do, as my apparatus is adapted 
for any fishes of this habit. 
I can highly recommend the mod11,s operandi, as it bas been fully tested 
by many experiments, provided that your water has similar constituents, 
is free.from contamination by industrial establishments, is of moderately 
elevated temperature, and, especially, is not infested. with spores of 
the confervoid, (Leptomitrls clavatus.) With some care, you will have 
favorable results, hut my directions must be strictly followed. You 
are fully acquainted with the Oyprinus carpio and its habitat, and 
therefore I need not detail my observations made in different parts of 
Europe during the last twenty years, beyond remarking th.at it occurs 
in many of the larger rivers of Middle Europe-the Rhine, Vistula, 
Elbe, Danube, &c.-and in many lakes. It is especially adapted for 
ponds, anq. most of the German villages and estates have ponds where 
both carp and pike occur together, their propagation being left to 
nature. It is remarkable that carp thrive equally well in sea-water, 
even attaining better quality and larger size than in fresh. I have f're .. 
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quently known this fish to reach the weight of thirty pounds in German 
lakes and ponds. In Germany, carp are often confounded with hybridt 
of Oyprinus carassius, ( Oyprinus kollarii, Heckel,) or of Oyprinus abramit. 
Their quality, however, is much inferior to that of the genuine carp. 
In middle Europe, carp deposit their eggs in ·the first summer-day~ 
from the beginning of May to the end of June . . In the south, the fish 
attains a larger size; that is, it grows faster in the same ti~e, since, in 
northern countries, it is naturally forced into a longer winter-rest. Iu 
spring-water it does not thrive at all, requiring warm water in summer-
time, with mud at the bottom, and for nourishment, the lower forms of 
life, (microscopic animal organisms, worms, snails, remnants of planta, 
&c.) . 
The eggs are deposited upon wate~-plants-not those nearest to the 
.surface and exposed to the direct hot sun, but such stems of these water-
pla,nts as m·e about one inch below, to which the eggs, when extrude&. 
adhere. Those falling off either perish in the mud or are destroyed) 
by numerous enemies. This peculiarity of adhesion in the eggs, and the 
usual position of the stems w~ich serve as their depository, suggeste<l 
the arrangement of my apparatus. This very simple contrivance con-
sists of a number of light, wooden, rectangular frames, about ·three feet 
long and one broad,covered on one side with thin gauze or mosquito-net-
ting, (Pl. XVIII, fig. 3.) Upon these screens the impregnated eggs are 
spread and immediately adhere. After impregnation, (for which direc-
tions are given below,) the frames are placed in a floating box, (Pl. 
XVIII, fig. 1,) the sides of which are covered with some kind of can-
vas, but somewhat more open than that of the frames, in order to allow 
a more rapid change of the water, while preventing the escape of the 
young fish. · 
The bottom and cover of this box are made of canvas, each box hav-
ing room for three frames; each frame having on its two sides 20,000 
eggs, so that the whole box contains m,,ooo eggs. The stuff for covering 
the frames, &c., must be soaked for some days in river-water, and the 
size and coloring-matter carefully removed by washing; no soap, how-
ever, should be used. 
THE IMPREGNATION. 
It is, of course, necessary that the fish selected for impregnation 
should be in a fit condition; the eggs and milt being neither unripe nor 
overripe, since overripe eggs do not recei¥e the zoosperms well, and 
overripe milt proves inactive even upon gooc.l eggs, its vitality being 
nearly lost from partial decomposition. If the eggs and milt are im-
mature, so as to require considerable force to express them, no success 
can be expected. It is always advisable to keep ripe fishes confined in 
running water for several days previous to the impregnation of the egg. 
For the operation itself two persons are required: one, the operator 
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proper; the other, an assistant. The :firstframe, which, like all the others, 
has to be again well cleaned, is placed in a shallow vessel or dish of tin. 
(Pl. XVIII, fig. 4.) These vessels are to be made expressly for ~he pur-
pose ; two of them being necessary for the operation. Their size is 
somewhat larger than that of the frames, to facilitate the manipulation; 
t,heir height, however, must nernr exceed ·two inches. These plates 
have to be carefully cleaned to remove all fatty matter and oxide of tin. 
Into one of them the eggs are emptied; in the other the impregnation is 
performed. 
The dish is nearly filled with river-water, like that in which the 
hatching is to take place, of from 72° to 82° F.; its temperature shall 
be 180 to 220 R., (7~0 to 81°.5 F.) Then the frame is . placed upon 
the water, and the eggs slowly dropped upon it. The fish is mo,red back 
and forward just above_ the frame, so as to prevent too much crowding 
of the eggs. As soon as the eggs adhere, the frame is reversed, and 
the other side treated in the same way. After ten to twenty sec-
onds, this frame, evenly covered with eggs. is removed to the other dish, 
containing about one inch of water; the milt is then added, or may have 
been added while the second side was receiving the eggs. Yet there 
must not be too long an interval between the operations, since the life 
of the zoosperms of these Oyprinidm is frequently of very short dura-
tion. In carp it is scarcely two minutes. The second frame is treated 
in the same way, while the assistant carries the first to the hatching· 
box, which ought to be, if possible, at the very place where it is to 
remain. A repeated addition of fresh zoosperms to the impregnation-
dish is advisable. In the same manner, all three frames, with impreg-
nated eggs on both sides, are placed in the hatching-box. The outer 
frame of this box must be stout enough to keep the perpendicular frames 
well in place, so that they can neither warp nor fall down. The box must 
be set where the stream does not exceed twelve inches in depth, with a 
scarcely perceptible current. One inch a minute is the greatest allow-
able velocity, just enough to carry fresh water and air. But the appa-
ratus can also be used in stagnant water. The canvas cover is only laid 
upon the box when the heat of the sun is most intense-perhaps from 
noon to 4 p. m.-for too much sun is just as injurious to the develop-
ment of the eggs as darkness. 
Every day the apparatus must be in3pected and dead or sterile eggs re-
moved. Pincers of wire, about three inches long, and which may be n;iade 
by one's self, are convenient for the purpose. After three weeks, the eggs 
will be hatched, and the young fish may be removed to ponds or lakes, 
wherever wanted. The hatching, in the same manner, can be done in 
ponds. 
Still another mode of breeding is in use here as well as in North Ger-
m any and on the Danube. Employing no frames, itischeaper,yetless con-
venient for an observer, as the eggs mostly remain hidden and invisible. 
It has, however, the advantage of simplicity, and thus may be applied 
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in remote and solitary localities without carrying along previousJt-
prepared apparatus. PI. XVIII, fig. 5, is, a frame made of sapling4 
one ·to two inches in diameter, such as can be found anywhere in the woods. 
The several parts are either tied with willow-twigs or roughly nailed to-
gether. This frame is made four to five feet long, three feet wide, and one 
high. It is densely interwoven withjuniper or fir brush, while the upper 
side is left open, and has the appearance of a box or basket of brush. Com-
mon or Virginian juniper is most_ suitable for the purpose, for the inside 
mast not in any way be trimmed-the rougher the better; even some 
juniper-branches may be laid inside, their rough prickles, indeed; appear; 
ing to promote propagation. I have often observed that,fishes in smooth 
willow-baskets, with leaves in, remain lazy and inactive, while others in 
prickly juniper-boxes· were progressing i'ndustrrous1y in their work. 
This basket (Pl. XVIII, fig. ~) is to be ·set in a wa;rm and sheltered place 
with two female and one male fish in it. .A. piece of' netting is tied over-
tLte top to prevent their escape. 'fhe proc~ss of breeding is left entirel1 
to nature. In these plaited boxes, Oyprinidm without adhering eggs may 
also be hatched, when the bottom is dense enough to prevent the eggs 
from falling through. (To the hatching of Oyprinidm with non adherent 
eggs, I have referred in a former letter.) 
I have thus explained two methods, in accordance with your wish. 
You will do well to practice both. Mine I have frequently tr:ied and 
never found wanting. You must, however, not get discouraged in case 
of failure. Some little mistake or oversight ·may mar the success. I 
may as well tell you that at first I failed five or six times, and now my 
results are always favorable. · 
The hatching-box must be placed in the water so that the top pro-
jects about one-fourth inch above it. Dead eggs have to be removed 
promptly. After the young fish have absorbed the yolk-bag, they may 
be left for some days in the hatching-bo.x; but afterward must be fed 
with mashed brains of cattle, &c., and removed to ponds, &c. 
The batching-apparatus, when.in the water, must not touch the bot· 
tom, bnt ought to remain several inches from it. The cover ought 
always to be one-fourth to one inch above the water. In shallow water, 
hatchlng-boxes and frames have to be reduced in height to correspond 
with the depth. 
For operations on a smaller scale, boxes twenty to twenty-five inches 
long and four inches high are well adapted for hatching Oyprinidre with 
non-adhering eggs. These should have a solid bottom board, covered 
with fine, washed sand~ and supported by strong floats. They, of course, 
need no perpesdicular frames, as the eggs are deposited upon the sand, 
ll •i ther is any shading required, however burning the sun may be. 
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B-ON THE SO-CALLED "DRY" METHOD O~, IMPREGNATING 
SPAWN. 
:From Circular No. 3, 1874, published by the German Deutsche Fischerei-Verdn, Berlin,. 
June 2~, 187 4, 
[Translation.] 
Following a suggestibn made in Circular No. 1, 1874, I have the honor 
to lay before the public the results of a method of dry impregp_ation 
practiced by me sincP. 1857, which, if properly carried out, is sure to be 
successful. 
As I have not read the articles on the subject contained in Circular· 
No. 4, 1871, and in Circular No. 6, 1873, I am not able to say whether 
the '' Russian dry method" recommended by Livingston Stone is simi-
lar to mine; the term "dry method," however, makes a similarity of 
both methods very probable. • 
In the autumn of 1854, I established at Wernersdorf, district of Bal-
kenbayn, province of Silesia, some trout-ponds, and it was my :first care-
to provide some cheap living food for the young trout placed in these 
ponds in the spring of 1855 and 1856. For this purpose, I had made, 
close to one of the ponds, a spawning-basin with fiat shores and sepa-
rated frol,Il the pond by a railing. In this basin, I placed some ca,rp, 
the young of which could through the railing escape into the pond. 
As there were older trout in the other ponds, I likewise endeavored 
to ratse young :fish for these, and selected the " nase," which spawns 
in large numbers in the river Bober in April, and is in those parts com-
mo~ly called "zupe," (Ohondrostona .nasus, Sieb., Oyprinus nasus, Lin. 
and Bloch.) These fish spawn in large numbers in the shallow stony 
places in the middle of the bed of the river Bober, places over which 
the water flowed rapid-Jy and producing considerable waves. 
In April, 1856, I pl.aced a large quantity of the roe of this :fish---which 
is easily extracted-in flat vessels :filled with Bober water, and after a 
brief interval I poured in the ripe milt, stirring it with a quill-pen. This. 
method of impregnation differed in no respect from the one I had always 
successfully employed with trout-spawn. The result of this artificial 
impregnation, however, was an entire failure. 
The eggs, after having been placed in the water, swelled very rapid]y 
on account of the sticky layer surrounding them, so that no impregna-
tion could take place. 
Although I noticed this rapid swelling of the eggs, and their consider-
able stickiness, as after a short while they stuck so :firmly to the bottom 
of the vessel that it could be placed upside down without their falling 
out, I did not find out the cause of this failure till I saw that there was, 
no normal development of the impregnated eggs, but that they were 
en tire1y spoiled. 
I determined at my next attempt to pour the milt in immediately, and 
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thought that by doing this very rapidly I might insure success. The spawn-
ing-season of the" nase" for 1856, however, was over, and I had to defer 
my experiments till April, 1857. In that month the "nase" spawned 
in exceptionably large numbers and several times; I consequently had 
an opportunity of watching them closely during the spawning-process, 
and the observations I then made led me into the right path. 
Very frequently two fish would leap close together from the water, 
which led me to suppose that during this violent motion the spawn 
which sits very loosely in the body of the fish, and the milt which :flows 
-0:ff very easily, might be dropped in the air, and that the eggs· might 
possibly be impregnated by the, milt before they touched the water. 
Although I, of course, could not observe the very act of impregna-
tion-which, as I supposed, took place-during the very short time occu-
pied by the leap of the fish, it became almost a certainty to my mind 
when I took into consideration. the exceedingly violent motion of the 
fish and the extreme ease with which both the milt and the roe are 
-emitted. ' 
I was led to make further observations, proving the fact that fresll 
spawn when brought into contact with water swells very rapidly and 
,sticks to any objects that present themselves, by seeing several tame 
ducks devour very eagerl~ the spawn found on the stony bottom. When 
taking up some of the stones, I chiefly found their lower surface thickly 
-covered with spawn. 
I must here remark that the strong current in these spawning-places 
indirectly contributes to the better protection of the spawn by driving 
it below the stones. If the spawning took place in gently-flowing water, 
the eggs would stick to the upper surface of the- stones, and be exposed 
t . ~ o many enemies. 
I now made experiments with four difforent methods of impregnation, 
using only entirely healthy and mature fish, of which I could easily pro-
•Cure a large number. These fish were caught while spawning, and on 
the spot experimented upon. 
1. I again used the" wet" method of last year, with this difference, 
however, that imniediately after having squeezed the roe out of the fish, 
the milt was stirred in. This was done as rapidly as possible; at any 
rate, much quicker than the year before. 
2. Assisted by a man, I poured into a :fl.at vessel, filled with Bober 
water, milt and roe at the same time, stirring the water immediately. 
3. Into a flat vessel containing but little water, I poured first the milt, 
so that after stirring the water immediately, it had a whitish color; 
then without delay I poured the roe into this mixture. 
4. A fish containing roe was dried carefully and rapidly with a cloth, 
1occasionally, also, with the hands,) and the "dry" roe placed in a :fl.at ves-
. ,1 containing no water. Over this was placed the milt of a fish, (that 
1 t • likewise been dried beforehand with a cloth,) so as to cover the 
i I'"..! poBSible number of eggs. As soon as this was done, water was 
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poured over the whole mixture, and the whole was stirred immediately .. 
The pouring-over o( the water and the stirring was, if possible, done 
simultaneously, almost suddenly.* 
The result of experiment No. 1 was a failure. 
Of Nos. 2 and 3, only a few eggs out of several thousands developed,. 
so that these two methods must likewise be considered failures. 
In No 4, all the eggs were regularly developed with but very few ex-
ceptions. This method must therefore in every way be considered a. 
success. It was proved conclusively that ripe eggs fresh from the ..fish 
when brought into contact with water immediately swell to such a, 
tlegree that the sticky layer surrounding the eggs prevents the sperma-
tozoa from entering the interior of the egg, impregnation thw, becom-
ing impossible. It is likewise proved a!most to a certainty that during 
the natural spawning-process of the "nase," the milt touches the roe 
outside of the water, and that the water completes the begun process of 
impregnation. 
This may therefore well be called nature's own method of dry impregna-
tion. 
I have at the same time, with many other comparative .experiments,. 
vety frequently employed this, "dry" method, especially with salmon-
trout, and have in all cases been successful. 
To insure complete success, the following rules and precautions must. 
be observed : · 
1. The vessel used should be as flat as possible, and should, by rub-
bing it with a cloth, be completely freed from any dripping water; the 
inside of the vessel may remain a little damp. 
2. As the temperature of the air but rarely corresponds with the tem-
peratiire of the water, the vessel should externally, for some time, be 
brought into contact with the water to be used for spawning. This. 
should. be done so long b'efore pouring in the roe as the length. of time 
required for equalizing the temperature throughout the whole body of 
the vessel. If the difference between the temperature of the air and 
the water is not very great, neglecting this precaution will not prove 
injurious. It should, however, never be neglected when these tempera-
tures differ greatly, or when the temperature of the air is below oo,. 
(Reaumur.) The vessels should not be taken out of the water before 
the end of the above-mentioned period.,. 
3. Place in rea~iness both the fish, the one containing the roe and the 
one containing the milt. 
4. First carefully dry with a cloth the fish containing the roe, avoid-
ing the slightest pressure, so as to prevent the premature emission of 
the loose spawn; hold the fish in a horizontal position, and dry your 
• The claim made on pages 541-543, for the discovery of a literally dry method of 
jmpregnation by ADile1ican fish culturists, will have to be abandoned in favor of 
European specialists. It will bs seen by reference to pp. 515 and 577 that Dr. Vobga, 
tf Switzerland, and Professor Rasch, of Norway, have adopted similar methods. 
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bands carefully so that water could nowhere gather. Then pour the 
roe in a " dry " state on the bottom of the vessel. · 
5. If the drying-process has been well done, so that no swellinj of 
the eggs can take place, take \lP without any too great hurry the fish 
containing the milt, dry it like the other one, and pour the milt over the 
eggs so as to cover the largest possible number. .A quan~ity of milt 
whieh only gives the water-to be poured in afterward-a slightly whit-
ish color is sufficient. The pouring over of the milt should be done 
quickly. With fish of the species of Salmo and Trutta a quarter of an 
hour may intervene between putting the roe in the vessel and pouritg 
in t~e milt, provided all the other conditions are favorable. 
6. As soon as the milt has been poured jn, pour over the water as 
quickly and as suddenly as potsible, so as just to. cm·er the eggs with 
water, and stir the mixture with the hand, letting it rapidly describe a 
circular motion on the bottom of the vessel. 
7. Let the whole stand for a while, this period of standing to be reg-
ulated by the degree of stickiness of the roe and its power of swelling; 
sometimes amounting to less than a minute, sometimes to more than an 
hour. The impregnation commences in a short time, and it is therefort 
advisable to clear the milky water after a few minutes by pouring in 
clear water: The object of this period of standing is to diminish the 
sticking capacity of the eggs, which is strongest in the beginning, but 
which constantly decreases; also to insure in some species of eggs their 
complete development to the quickly-increasing spherical form, to make 
them gradually grow harder before placing them in the trani,;portint!J 
vessels, and thus to prevent their pressing each other too much. 
8. Before placing the impregnated roe in the transporting-vessels, 
Joosen it carefully with a quill-pen from the watery bottom of the first 
vessel. 
9. Never fail to select vessels of considerable size for such species of 
roe as swell rapidly, so that the eggs can lie loosely without pressing on 
each other. · All vessels used for this purpose should therefore have a 
fl.at bottom. 
Whenever the milt is scarce, it may be recommended to use smaller 
vessels, so as to concentrate it as much as possible. Whenever this is 
done, it will be well, after having stirred the roe and milt with water, to 
pour it into a larger vessel with some water, and let it stand in this. 
If this is neglected, the eggs will frequently be exposed to too great a 
pressure. Such eggs as do not contain the necessary space for de• 
Yeloping the young fish will produce weak or deformed fish. With roo of 
t 11· species of Salmo and Trutta this precaution is unnecessary, as well 
as with all those species of eggs which do not change their shape when 
ex.posed to pressure. 
To employ the" dry method of impregnation" in all cases is not ad Y.isa-
)1 • 1 the "moist" method iR simpler, and in most cases proves successful. 
Tue '' d "method, how~ver, must absolutely be employed with all those 
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species of roe which swell immediately when brought into contact with 
water, thus preventing the entering of the spermatozaa, and under all 
circumstances it is a method which can be highly recommended : 
1. When operating on species of roe which does not swell rapidly, 
and when loss of time between pouriug in the milt and the roe, endan-
gers success. With the roe of the Ooregonus this loss of time is but very 
brief; with that of the species of Salmo and Trutta, in employing the · 
"moist" method, about five minutes. · 
2. '1Vhen you have only one fish containiug milt for 1-1everal containing 
roe, or whenever the quantity of milt is small. 
3. Whenever roe is to be impregnated whose nature, when brought 
into contact with water, is not well known. 
Every pisciculturist has, no doubt, often made the experiences men-
tioned under Nos. 1 and 2. The case mentioned under No. 3 came under 
my personal notice on the 25th of November, 1869, whiJe artificially.im-
pregnating the roe of the Ooregonus m,armna. The nature of this roe 
was, at the time, new to me. As a precaution, I employed the ''dry" 
method, which under all circumstances is more certain of success, in the 
presence of the royal superintendent of fisheries, Mr. J eserich, and other 
gentlemen. Every one of the eggs operated upon ~as developed suc-
cessfully.* In the year 1872, during the month of November, I repeat-
edly succeeded, by the " dry" method, in impregnating the roe of Oore-
gonus Wartmannii in Lake Puls, in the district of Soldfn, province of 
Brandenburg, because of the circumstances mentioned under Nos. 1 and 
2. The eggs impregnated in this manner developed regularly and very 
succe~sfully. · 
After all my experiences in employiug the'' dry" method, I can vouch 
for its· successful results, provided the above-mentioned precautions are 
taken. 
If this method is not successful, the failure must be ascribed, not to 
the method itself, but to other circumstances. 
,TANKOW, April 6, 187 4. 
.ALEXANDER STENZEL, 
Inspector of Fisheries. 
0-FISH-CUL'rURE IN SA.LT OR BRACKISH WATER. . 
BY THEODORE LYMAN, FiBh-C01nmiBBioner of MaBBachuBettB. 
When shores are not bold, and have extensive shallows, there is often 
a considerable zone of sea which produces few valuable fishes, althow.gh 
swarming with fry and with small crustacea and mollusca. In Norway 
* As the piscicultural establishment at Tankow· was not commenced till the middle 
of November, J 869, there was a lack of suitable water for receiving the roe of Qorego.-
nuB marama. In the beginning, it developed regularly, but was soon spoiled by the 
impurities of the water and its low temperature. Some eggs plac~d in purer water 
with a higher temperature, developed :fish which reached the age of three weeks. Dur~ 
ing this Apring, (1874,) the Coregonus marama has been raised successfully. 
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attempts have been made to use portions of such shallows for the rais-
ing of marketable species. . 
It is well known that the growth of the trout, as a genus, is peculiarly" 
affected by large supplies of food in salt-water. Thus, the sahnon-smolt1 
which goes to the sea weighing a few ounces, returns as a grilse of three 
or four pounds. Our brook-trout, so long as it is confined to the meage!'I 
insect diet of a shallow m~untain-rill, scarcely grows beyond the size of 
one's finger; but, with access to salt-water in late winter and in spring, 
it takes on a sihrer coat, and with surprising rapidity attains a weight of 
one or two pounds. 
The experiments of Professor Rasch have shown that these desirable 
results may be attained without allowing the fi~h to wander in the open 
sea. It suffices to inclose a space of brackish or salt water, and to keep 
the trout within those limits. There are two essentials: (1.) A brook 
em.ptying into ~alt-water. (2.) A narrow cove, inlet, or fiord makin~ 
the continuation or mouth of such brook. If this inlet has a pinched 
place in it, so much the better, because there will be the economicml 
spot to throw across a dam, or a grating, to bar the passage to the open 
sea. Usually some form of dam is desira}.lle, so that when the tide ebbs, 
a certain depth of water shall be held back in the salt-pond thus formed. 
The barriel' should not be of uniform height, because then the pond, 
becoming quite stagnant on the bottom, would gradually fill with mud 
brought down by the brook. To obviate this, a vertical cut should b.e 
left open to keep up the bottom current, (Plate XIX, Fig. 1 a.) The 
width of this cut must be such as to discharge the flow of the brook ; 
otherwise it would rise and pour over the whole of the dam,cre.st, and 
the fish would pass over also. ·Further, to. provide against such an acci-
dent and to give -free passage to the flowing and ebbing tide, an 
ample waste-way, lower, of course, than the dam-crest, must be built 
next to, and coutinuons with, the cut, (b.) As to the crest of the dam, 
it must be raised higher than the level of the highest tides. It 
must be built, of course, solid, and of such material and with such 
foundations as its situation demands. If, as often occurs, there is a 
stratum of salt-mud, the foundations must be built quite close, to pre-
vent musk-rats from working through ; for one hole is enough to let 
out the greater part of the fish. The waste-way should be of ample 
width not only to let out the water of the brook in case of a flood, but 
to freely admit the tide, which brings in food. It must be carefully 
grated, together with the cut, which is _sunk lower. It requires some 
calculation so to arrange gratings that they will not get clogged with 
drift material. They must be arrangecl on the principle of coarser and 
finer sieves. On the pond side, and well out from the waste-way, the 
ir~ grating may be put, with stout bars, five inches apart, (Figs. 2, 3, 
cc :) ·i thin this a second, with bars two inches apart, (Figs. 2,' 3, d d ;) 
, r l'l thi-.. a central grating, which is the important one, intende<l to 
.. f l (1-'i• • 2, 3, e e.) It should be carefully made of one-quar-
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ter-inch vertical rods placed, with one-half-inch gaps, in a hard-pine 
frame, and braced with horizontal wires, (Fig. 4, full size.) On the sea-
ward side one screen, (Figs. 2, 3, f,) made like d, will be sufficient; and 
the stout screen c may be omitted where there is no fear of floating log~ 
or branches. As the crest of the dam must be higher than tb.e highest 
tide, so also the bottom of the waste-way must be lower than the lowest 
flood-tide, in order to insure the entrance of the sea-water at every flow. 
The changes of level produced.by this dam will be understood through 
Fig. 5. The dark portion is a section of the old bottom, the marsh in 
the center and the upland rising on each side; the deep depression in , 
the middle is the old bed of the brook. In its natural state, the brook, 
at low tide, would only fill its banks to the line AB;. at high tide, thA 
water would be backed up to the line E F. When the dam is built, 
the water, at low tide, would be as high as the line C D, because the 
deep cut a is narrower than the natural bed of the brook; at high 
tide the level would be the same as without a dam, namely, E F. The 
advantages gained are: first, that while a flow of water is still kept up, 
the depth and surface are much increased by raising the level; and, 
secondly, the fish, by meaµs of the grated cut and waste-way, are pre-
vented from wandering. A brackish pond thus made would have a 
brook (Fig. 6, G) running in at its upper end, where the wa.ter :would be 
shallow and fresh, E; while at the lower end it woul_d b~ deep and more 
or less salt, F; and the deeper the better, for this breeds big fish. The 
Salmo lacustris of Western Europe, and the great thirty-pound trout in-
habiting the Norwegian lakes, some of which are three hundred fathoms 
deep, are considered by Professor Rasch as onJy oYergrown indi\ri<luals 
of the common European brook-trout, Salmo fario. Our, own brook-
trout, Salmo fontinalis, is known to attain to twelve pounds in our Maine 
lakes, where the water is deep and food plenty. In water brackish, or 
nearly salt, and crowded with crustacea and small-fry, the 4epth does 
not count for so much; and a trout will pass from one to ~wo and from 
two to three pounds rapidly, although he may nowhere find h~les more 
than five feet deep. 
Two such ponds as have just been described were laid out by Profes-
sor Rasch in 1869; theonecoveringsomeseventy-five acres, at Sand vigeu, 
near Christiania; the other of two hundred and seventy acres, and with a 
maximum depth of thirty-eight feet, not far from Frederickstad. The 
tide in the last ramifications of these N orwegfan fiords is very sligh·t, 
not exceeding one foot; so that a low and cheap darn is sufficient. In 
a rough slab ~hanty, twel've feetsquare, hA hatchedS0,000 salmon-eggs in 
one season. The apparatus inside was equally prirnitiYe; only a set of 
narrow board troughs, arranged step-fashion, and emptying intq each 
other by notches cnt in alternate ends. Some gravel was placAd in the 
bottom of these troughs. A wooden pipe brought in the water from a 
neighboring spring. There were no filters, stop-cocks, or tanks. 
Professor Rasch collects the eggs, dry, in a basin, which .has simply 
S.Mis. 7~7 
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been sponged with water; then the milt is squeezed over them, and, 
finally, a small quantity of water is added, while the basin is tilted to 
and fro. If the egg be kept thus dry, the micropyle will remain open 
for several hours ; but in water, the egg immediately begins to swell 
and the micropyle closes, shutting out the spermatozoa.• 
As soon as the hatched fry had absorbed their yolk-sacs, they were 
turned loose in the brook, where tliey grew during the parr stage, feed• 
ing in the brook itself, or in the shallows of the upper pond. Takins 
on the· smolt coat, they desc~nded toward the lower end, seeking the 
salt-water, when, as ill luck would have it, they found a small hole, 
and the greater part escaped, some of them returning next spring to 
the foot of the dam. Enough, however, remained to show that the 
smolt will continue his growth when confined in a salt-water pond, 
Trout, which were raised beside the salmon, were more quiet and did 
not escape. They throve amazingly and grew to a great size. 
The owner of an artificial brackish pond may either depend on the 
natural increase of the fish that were before in the brook, or he may 
add tresh material. If be depends on natural breeding, he will place 
adult fish in the brook where they will breed. Or he may have a hatch-
ing-house, which could be placed near the brook, and in which young 
fry could be raised to be set free in the shallowest portions of the 
water. 
In a pond and brook of good extent, several species would doubtless 
do well, living side by side. Such species and var~eties as the true sal• 
mon, the land-locked salmon, sea variety of the brook-trout, the Sebago 
salmon, and the forkep-tailed salmon-trout of the great lakes migbi 
profitably be cultivated. In addition to these, Professor Rasch recom 
mends hybrids, which are never fertile, and which are therefore fat and 
in good condition during the breeding-season. Mr. Hanson, of Stavan-
ger, on the west coast of Norway, bas observed that a hybrid from the 
brook-trout (Salmo fario) and the charr (S. umbla} grows much faster 
than either of these species, because none of the flesh and fat prodne-
ing materials are expended in developing the large organs of reproduc-
tion. Taking our brook-trout as one, the breetler might select the 
other fish from such as were at his command. Doubtless some near 
species, such as the togue of the Maine lakes, or the forked-tailed sal-
mou-tront of' the great lakes, would yield the surest impregna~ion. 
D-DESCRIPTIONS OF IMPROVED APPARATUS IN FISH-
HATOHING. 
1.-SlliD-HATCllING OB FLOATlNG BOXES. 
• th ,reen's boz.-The devices used in shad-hatching are, first and 
metbod of impregnation has since been saceessfally tried by Mr. Atkins 
• salmon. 
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most important, Seth Green's box,,,.. (Pl. XVII, Figs. 1 & 2,) patented, 
which has been longer and much more extensively used than any other. 
It is an ordinary box, made of inch-boards, and covered on the bottom 
with wire-cloth painted with coal-tar or naphtha varnish, and with two 
cleats made of scantling nailed obliquely to tbe sides of the box, which 
act as floats; these incline the box so that it stands with the bottom pre-
sented toward the current at an angle of about 60° in an ordinary tide-
current, creating a slight but sufficient circulation of the water in the 
box to keep the eggs from l~1ing entirely inert at the bottom. Six or 
more boxes are tied together .in a string or gang, and anchored a short 
distance from the shore. 
Brackett's box.-Another box patented, used by Mr. Brackett for the 
first time in 1873, is arranged to float horizontally in the water; the end 
presented to the current sloping inward and back.ward, so that the bot-
tom of the box is of less length. than the top. A circulation is produced 
by the downward defi{:lction of the current, which creates an eddy directly 
beneath the wire-cloth bottom of sufficient strength to agitate the water 
and the eggs within the box. 
Stilwell and Atkins's box.--Another plan has been suggested by Mr. E. 
M. Stilwel1, fish-commissioner of Maine, and Mr. Charles G. Atkins, of 
"Device for hatching the spawn of fishes.-United States Patent-Office.-Seth Green, of 
Rochester, New York.-Letters-patent No. 688il, dated September 17, 1867. 
(The scheuule referred to in these letters-patent and making part of the same.) 
To all whom it may concern: 
Ile it known that I, Seth Green, of Rochester, in the county of Monroe, and State of 
New York, have invented a new and useful" method of hatching fish-spawn;" and I 
do hereuy declare that the following is a full, clear, and exact description thereof, 
reference beiug had to the accompanying drawing, making part of this specification 
in which the figure is a vertical central section of my invention, represented as ap-
plied in the water. 
This iuvention relates more especially to the propagation of shad, and its nature 
consists in the 1icculiar construction and arrangement of a propagating or fish or frog-
Hpawn hatching-cbamuer in such a manner as to effect a perfect and uniform circula-
tion throughont the entire chamber, and at the same time prevent the escape of the 
spawn, aud also of the you11g fish, until the attendant thinks proper. 
To enable others to make and use my invention, I will describe its construction and 
operation. 
I provide a rectangular box, A, of ;ny uesired size or proportion. I prefer them, 
bowovcr, about two feet long by eighteen inches wide and ten or twelve inches deep. 
I provide a suitaule square opening in one enu, as shown at B. This opening is covered 
upon the inside of the chamber with a fine wire screen, about No. 12, and upon the 
outside is hung a cap, C, which may be pivoted above, as shown, and made to swing 
uown over the opening, or it may be made to slide over it horizontally. I also provjde 
the open uottom with a similar wire screen, D, but of finer mesh. I attach a shallow 
frame, F, to the lower edge of the chamber or case A, outside of the screen. There may 
be one or more cross-bars, E, lint they should be ma,de thin on the upper side as shown, 
to prevent the lodgment of any of the spawn upon them, as the spawn will only batch 
well when buoyed up in the water by a perfect circulation. I attach a fl.oat-bar, G; 
obliquely across each side of the ca.se or chamber A, and to one end of these I attach a 
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the salmon-breeding establishment at Bucksport, as illustrated in the 
accompanying diagram and its explanation. (Plate XVII, Figs. 4 & 5.) 
The drawing represents the box in the position it assumes floatini in 
the stream; a portion of the nearest end removed to show the bot.toail 
ThP- left face is presented to the current, and tbe water enters in the 
direction represented by the arro~. Circulation is produced by the 
movement of the current up the inclined bottom, which carries the eggs 
with it, to fall back again in the recoil from the back of the box. When 
left entirely to itself, it floats in such a position that the bottom is at an 
angle with the surface of the stream, and this angle is to be in an oppo-
site direction to the current from that of Seth Green's box, and can be 
increased to whatever extent desired by ~eighting the front of the box. 
2.-TRAY-.A.PP .A.R.A.TUS FOR HATCHING. 
Bolton's tray-hatching apparatus.-United States Patent-Office.-Ma'ftMI 
lus G. Holton, of Rochester, N. Y., assignor of one-half his right to • 
Seth Green, of same place.-lmprovement in fish-spawn hatchers,• 
(Specification forming part ofletters-patent No. 136834, dated l\~arch 
18, 1873.) 
suitable anchoring-cord, c. They are connected together a few feet from the bars, and 
continued in one cord to the anchor k. The chambers may be cut down, as shown, or 
they may be left full, as indicated by the.dotted lines d. The fl.oats F may be very much 
lengthened, if desired, ancl a series of cases attached to them, or there may be a long 
case made and provided with suitable divisions and anchored across the stream, froni 
each end, but I prefer to have the cases made separate, and in size and proportion about 
as :first described. They should be arranged more or less obliquely upon the floats F, 
accoruing to the rapidity with which the current runs in which they are to be an-
chored. The obliquity shown in the drawing I find well adapted to a current running 
about two miles per hour, for shad, which affords a perfect circulation, juet sufficient 
to keep the shad-spawn perfectly buoyed in the water, and all exposed to a gentle 
agitation. In a faster stream or current, the case should be arranged flatter upon the 
floats, and vice versa. 
The spawn to be hatched in this apparatus is pr~pared in the usual manner for arti-
ficial hatching. The cases should be carefully watched. They should be anchOTed in 
a current for shad, but may be anchored in still water for certain other varietiet of 
fl.ah, and fo1· fro~, As soon as the spawn is hatched, the plate C is raised and the young 
shad pass out through the screen N. The ca.se must only be opened after dark, for 
shad, as the smaller :fish which would take the_yonng shad only feed during the day. 
This gives the young shad an opportunity to take care of themselves as nature dictates. 
The ends or sides, either or both, may be made of wire or cloth screens, with a bot-
tom of the same, or it may be made close, but I prefer the construction principally 
shown and described. It will be seen that by this plan the spawn is all exposed to the 
circulation necessary, and is entirely relieved from all sediment or other obstructions 
or tendencie to prevent a perfect batching. 
What I claim as my invention, and desire to secure by letters-patent, is-
The employmen~ or nae of the fteh-propagator or epawn-batcher, constructed and 
arranged substantially in the manner and for the purposes herein shown and described. 
SETH GREEN. 
0 I, 
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To all whom it 1nay concern: 
Be it known that I, Marcellns G. Holton, of Rochester, in the county 
of l\Ionroe, and State of New York, have invented certain improvements 
in piscicnlture or fi:::;h-spawn hatching, of which the following is a speci-
ficati011: 
The object of my invention is to provide a simple and convenient 
method of fish-Rpawn lrntching, which may be practically carried on 
during the winter-season. Its nature consists, mainly, in the employ-
ment, in connection with the spawn-trays, of an upward current or flow 
of water through the layers of spawn, affording a thorough and con-
stant circulation of fresh water through the same. 
In tlrn drawing, (Plate XIV, Figs.1, 2, and 3,) Fig. l is a vertical Cfmtral 
section of one case of trays; Fig. 2 is a top or plan view of tlle same; 
Fig. 3 is a transverse sectional view of the cylindrical bottom B. 
A represents a S<Jnare box o; case, made water-tight, preferably of 
wood, and provided w·ith a concave bottom, shown at B, or a hopper-
bottom might do as well, the object being to cause any sediment, &c., 
to be eaHily removed. tllrough the discllarge-pipe p. There is a channel, 
C, formed entirely around the case near the top. The outer walls of 
snch cllannel are somewliat elevated above the upper edge of the case 
proper. This permits a gentle overflow from all sides of the tray-cham-
ber, near the bottom of which is fixed a ledge, i, Fig. 1, upon which the 
trays c may rest. Tllese latter consist of shallow rectangular frames, 
eacll provided with a fine wire-gauze bottom, upon which the spawn is 
deposited and held during the time of hatching. There is a suitable 
metallic or other strap, s, attached to two opposite sides of the bottom 
tray in each case of trays, whereby the whole set may be raised or low-
ered as may be nece8sar,y in removing or replacing them, as hereafter 
more fnlly described. There is a vertical recess cut in the sides of the 
case to receive the straps. 'rhe latter are perforated at distances cor-
rrn'.'lponding to the vertical depth of each tray; and the straps, if made 
of metal, may be provided with a suitable pin, a; but if leather is used, 
they may be hooked upon a fixed pin in the upper edge of tlie case. A 
pipe, P, may be use<l to conunct the water from the spring or fountain 
iuto the bottom of tbP case; or a water-chamber may be formed entirely 
across that side of the case and also across the bottom. This latter 
construction is rather preferable for all except the first case in each 
tier, au<l, in fact, would not be objectionable for that. To insure a 
thoroug·h distribntion and circulation of the upward-flowing cu·rrent of 
water throngh all parts of the trays, I provide the deflector h, which 
may be spherical, as shown, flat, or any other suitable shape. It is 
snpported directly over the inlet-opening d upon suitable standards n. 
The discharge spout or trough f conveys the overflowing water to the 
descending water channel or chamber of tlle next succeeding case. 
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The case may be made of any desired size; but I prefer them about 
eighteen inches to two feet square, and from two to four feet or more in 
height, according to the amount of fall afforded to the water from the 
spring or fountain. 
The cases may be a'rranged in tiers the whole length of the floor of the 
hatching-house, and the water overflowing from one made to pass into 
and through' the next succeeding one to any desired extent as to num-
bers. 
The lower tray is suspended, when it is to be filled, in the position oc-
cupied by. the upper tray c': The spawn. is deposited evenly over the sur-
face of the wire-gauze, and in a suitable quantity. The tray is then 
lowered by the- straps s sufficiently to permit the insertion of another 
tray, which is treated in a like manner, and so otl until the case is filled, 
The trays and young fish may then be removed in a similar manner-
that is, one tray at a time-and the water allowed to flow through dur-
ing either proc'3ss. 
It will be seen that the spawn will remain evenly distributed on 
account of the longitudinal position of the trays; .and, by means of the 
buoyant tendency of the upward current, there is no damage or loss of 
spawn by lack of circulation. · 
This plan is intended more especially for winter-hatching, or for the 
spawn of white-fish; but it may also be used for almost any other kind. 
What I claim as my invention is-
l. The spawn-hatching apparatus A, constructed as described, to pro-
duce an equally-distributed upward flow or circulation of the water, for 
the purposes set forth. 
2. In combination with the spawn-hatching apparatus A, the over-
flow-channels 0, arranged to equalize the overflow on all sides, substan-
tially as and for the purposes set forth. 
3. In a spawn-hatching device, ·the trays c and water-inlet opening d, 
in combination with the deflector h, arranged to operate substantially 
as and for the purposes shown and described. 
4. In combination with the spawn-trays c, the concave or hopper-





M. G. HOLTON. 
Clark's tray-hatching apparatu.-Nelson W. 0lark, of Olarksron, Michi-
gan:-Improvement in fisb-eatching apparatus.-(S~ification form-
iug part of letters-patent o.148035, dated March 3, 1874; application 
died January 7, 1874.) 
• 
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To all whom it may concern : . 
Be it known that I, Nelson W. Clark, of Clarkston, in the county of 
Oakland, and State of Michigan, have invented an improvement in fish-
hatching houses and boxes, of which the following is a specification : 
The nature of this invention relates to new and useful improvements 
in the construction of hatching-boxes, and their arrangement in a hatch-
ing-house, ancl the arrangement of the other necessary parts to secure 
economy and safety in the manipulation of the eggs, and to preserve 
the fish after being hatched. The object of the invention is, first, to 
avoid the use of gravel as a hatching-bed, so that all danger of dis-
turbing the eggs may be avoided, and which attends cleaning them from 
the deposit of silt or earthy matter, which, mdre or less, obtains 
w_hen the gravel-beds ~re employed; second, to enable the manipulators 
to easily remove the dead eggs while immersed in water of the same 
temperature as is used in the hatching-troughs; third, to preserve the 
fish, when hatched, within the boxes wherein they were hatched, and 
whence they may be easily and safely removed, when desired; and, 
fourth, to not only save labor, but to insure the hatching of more eggs 
than in the hatching-troughs usually employed. . 
Fig. 1 is• a plan view of a dection of a hatching-house built upon my 
improved plan. Fig. 2 is a vertical section on the line xx in Fig. J. 
Fig. 3 is a plan view of the cross-bar which retains the batching-box in 
place in the troughs, and at the same time confines tbe perforated top of 
the hatching-boxes. Fig. 4 is a sectional perspective of one of the 
batching-boxes with the perforated top or cover in place. Fig. 5 is a 
perspective of one of the water-ways or channels which leads from one 
compartment of the troughs to another. Fig. 6 is a perspective of an 
inverted hatching-box. · 
Like letters refer to like parts in each figure. 
In the accompanying drawings, A represents the walls of a hatching-
house, provided at one end with an elevated water-tank, B, 1rom whieh 
the water flqws through pipes or faucets a a', as desired. 0 are the va-
rious compartments of the hatching-troughs, made water-tight, and the 
walls and divisions somewhat higher than the hatching-boxes D, and so 
provided with waste-water ways or channels b that the water in the 
troughs shall never flow over the tops of the boxes. These latter are 
constructed somewhat smaller than the compartments in the troughs 
wherein they are placed, and they are provided with feet c to raise them 
sufficiently from the floor of the troughs to· allow a free passage of water 
under them, and to raise them above any sediment that may bP, 
deposited on said floor. The bottoms of these boxes are covered with a 
fine wire-gauze, sufficiently fine that the fish, when hatched, cannot pass 
through the meshes. S111all risers d are secured to the ends of the boxes 
just above the bottom, and upon these bottoms are placed a portion of 
the eggs to be hatched. A series of sieves, E, the meshes of which are 
fine enough to retain the eggs placed therein, and large enough to per-
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mit a free passage of the young fish, are successively plac·ed, one above 
the other, in the boxes, until the same are nearly filled-each one of these 
sieves ba\'ing its proportion of eggs deposited thereon. A pan, F, made 
of perforated sheet-metal, is then placed as a cover to .prevent the eggs 
from :floating. The hatching-boxes, being thus prepared, are placed one 
in each compartment of troughs C, and with one end resting against 
that side of the compartment whence the water is received. A cross• 
bar, G, is then inserted into small slots e in t;he sides of the troughs, and 
resting upon the tops of the boxes prevents them from floating when the 
troughs are partially filled with water. _These cross-bars are provid.~ 
with feet/, so adjusted that, when the bar is in place, the feet will rest 
against the perforated cover and prevent it from floating. When all the 
boxes have been thus placed and secured in the various successive com-
partments of the troughs1 the water is let on _through the pipes or fan• 
cets liereinbefore described as :teading from the tank B, and falls on to 
the perforated covers of the boxes in the first compartments of the 
trough, and by means of the perforations in the covers is equally dis-
tributed over their surfaces, and runs down through the eggs upon the 
sieves below, supplying them with constantly-changing fresh water, and 
washing the eggs thoroughly, carrying down any sediment or impuritl 
and depositing it upon the floor of the trough. As the first comparti-1 
ments fill with water, the waste-ways b allow it to pa8s on to and througi 
the boxes in the next compartments of the trough, and so on, succes-
si rnly, until the water is finally discharged out of the hatching-house in 
any convenient way, and at the end opposite the tank. Great care must 
be taken to so arrange the waste-ways that the water will be discharged 
from one compartment into the next succeeding one before it reaches 
such a depth that it would flood or run over the sides of the hatching-
boxes. At its lowe; end each one of these water-ways is provided with 
a perforated or wire-gauze screen, h, to prevent the possibility of the 
fish, when patched, passing from one compartment to another. When 
the hatching is complete, the cover may be removed from the boxes and 
the young fish removed at will. 
Many eggs, in the process of hatching, die, and it becomes necessary 
to remoYe the dead eggs to prevent injury to the others. To accomplish 
this, near each series of compartments there is placed a shallow trough, 
H, into which the water is fed from the tank B through the faucet a-', as 
shown. An operator removes one of the sieves from the hatching-boxes 
and places it in the trough H, through which the water of the same tem-
perature flows from the tank, aud of sufficient depth not to float the eggs. 
'l1he de,.ul eggs are removed in the usual way, and the sieve replaced in 
the hatching-box. The screen h is placed across the discharge-end of 
the water-ways, and is to prevent the small fish from ascending the cur-
rent. Ordinarily screens are so placed and the hatching-troughs soar-
1 t n !!"' that the fish are carried down with the current against the screen, 
l'L 1 I in " · ll 1•, and damming the water until it overflows, carrying 
.·, 1 it ·a 1uantities of flsh, which are thus lost. 
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By my plan of confining the fish, when hatched, to the boxes wherein 
they are hatched, they can never escape into the troughs, and, conse-
quently, cannot get into the current through the waste-ways and choke 
the screens. The passage of the water down through the boxes is so 
broad, being the full size of the interior of the boxes, that the fisJ:t are 
not carried or forced downward, but they rise naturally, and these 
screens hare placed, as described, to prevent the fish from passing up 
the current. 
What I cla,im as my invention, and desire to secure by letters-patent, 
is-
l. A fish -hatching house, wherein the water~tank B, hatching-troughs 
C, hatching-boxes D, cleaning-trough II, and water-ways b are con-
Htructed and arranged with relation to each other, substantially as and 
for the purposes herein set forth. 
~- In combination with auy suitable troughs, C, the hatching-boxes D, 
provided with feet, c, gauze-bottom sieves, E, and a perforated pan-cover, 
F, arranged to receive the water in the pan on top and discharge it be-
low, snbst.ant,ially as and for the purposes specified. 
3. The cross-bar G, constructed as describe<l, in combination with 
.the troughs C and batching-boxes D, for the purposes set forth. 
4. In combination with hatching-boxes, the perforated pan-cover F, as 
described, and for the purposes set forth. 
Witnesses: 
0. E. B. HUESTIS. 
H. s. SPRAGUE. 
NELSON W. CLARK. 
Willimnson's lwtching-box.-[From the California Mining and Scientific 
Press, February 28, 1874. 
To thm;e persons engaged in fish-culture on a large scale, an improve 
ment in hatching-boxes, recently perfected by Mr. ,John Williamson, sec-
retary of the California Acclimatizing Society, will be of interest. We 
give an engraving of this box, which possesses some peculiar features. 
Mr. Williamson calls it the improved double-riffle hatching-box. Us spe-
cial features can easily be seen by reference to the cuts. The upper figure 
shows a trough with light hatching-boxes, and the lower figure is a sec-
tion of the box one-quarter of the full size. The usual way of arranging 
these hatching-boxes is to place the eggs on the bottom, and allow the 
water to flow over them. A box, the same size as the one represented, 
will then hold 20,000 eggs. Mr. Williamson puts in the box five trays 
1!)~ inches long and 18 inches wide, with a frame three-quarters of an 
inch thick and one inch wide, with a wire bottom having eight squares to 
the iqch. By this means, he has space to hatch 120,000 eggs, where he 
only had before, in the same box, space to hatch 20,000 eggs. This is 
of great importance in hatching-houses where room is desirable. The 
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hatching-box holding the trays is made of ½-inch ends and 1-inch bot-
tom. The ends ·are 5 inches high. The water is made to flow in under 
the upper end and out over the lower end, as the arrows indicate. By 
this means all the eggs are thoroughly covered. by constantly-changiq 
water, and less sediment is deposited on the eggs. The end of each box 
near the hl'ad· of the trough is made higher than the lower end, to cause 
the water to flow in the manner indicated. The trough is 16 feet long, 
8 inches deep, and 18 inches wide. The longitudinal section is made on 
a scale of one-half inch to the foot. . 
Seth Green, the great .fish-culturist, used a trough somewhat similar, 
but he led the water in and out of each box by means of a pipe., which 
ca.used a steady flow only near the mouth of the pipe. In Mr. William-
. son's box, the flow is equal on all p.arts, and the eggs have plenty of fresh 
water. The upward current runs up through all the e-ggs, and the eggs 
being on top the sediment does not collect on them. There being so 
much more surface to place eggs in the same relative space, considerab.l.8 
room is saved in the hatching-house. 
The California Acclimatizing Society are beginning to use these boxei 
at their hatching-house at Point Pedro, in San Mateo County. The 
device is not patented. 
3.-THE BROOK-SHANTY . 
.An apparatus for fish-hatching, called the Brook-Shanty, waR invented 
and patented byW. H. Furman, of Maspeth, Queens County, New York, 
in 1868. 
This consists of a building, either inclosing a section of a stream with 
a dam shutting off the water from above, except as it passes through an 
inlet into the building, or without relation to a brook, admitting water 
from springs into the building. Within the building, raised above the 
inlet, a spawning ''chamber" containing troughs is arranged. The 
troughs are covered with gravel to considerable depth. In front of the 
spawning-chamber is another dam or bulk-head that raises the water 
several inches above the gravel before it flows ornr; the water falls frotn 
the spawning-chamber into an apartment below called a receiver, the 
water being kept at a proper level by still another and a movable bulk-
head below. .Above the latter bulk-head a screen is placed to prevent 
the escape of young fishes down the stream. In the spawning season 
the lower bulk-head and screen are to be removed, permitting ripe fish 
to ascend until they find the gravel-beds in the spawning-chamber, where 
they a.re allowed to deposit their ova undisturbed, and are then permit-
ted to drop down the stream. The trough1 are provided with perfo-
rated li<l J keep the light from the eggs. 
' 'h · ' ' 1 · water is from an inlet below the spawning-beds, the wate1· 
i11" u11 through the gravel-bed so as to be filtered and cleansed be-
1 • comes in contact with the eggs. It falls from the spawning-
l am IJ ·r into the receiver, where the young fishes are kept until strong 
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enough to protect themselves in the stream below, wlien they are al-
lowed to pass the screen into the open waters. 
The advantages Mr. Furman claims for his invention are, protection of 
the eggs and fish from their natural enemies and from sedimentary de-
posit and freshets. It has not as yet come into very general use. 
E.-FROG-OULTURE. 
BY SETH GREEN, 
There are many stagnant p.ools about the country, useless in their 
present state, and, believing that they should be utilized, I cannot think 
of any better use for them than to make them into frog-ponds. I believe 
that the man who could raise a million frogs, .and get them to market, 
would be a rich man. He will find many difficulties to overcome; but 
allowing him two years for experimenting, good results might be antici-
pated. 
1.-HOW TO GE'l' THE SP.AWN. 
Take a large dipper and go to the pond where the fr-0g casts its spawn. 
Yon will find them in a glutinous bunch. When you dip them up, be 
very·careful not to break the glutino~s matter which· binds them to-
gether. Put them in a pail or can, filled with warter, and take them to 
your hatching-box;, which is made anerth~ fashion of the shad-hatching 
box. It is a box two feet long, eighteen inches wide, and a foot deet>, cov-
ered on the bottom with gas-tarred wire sieving, twelve wires to the inch. 
Anchor the box in a gentle current. They will hatch in from seven to 
fifteen days, according to the temperature of the water. 
2.-HOW TO T.AKE CARE OF THEM. 
Soon after they are hatched, they ~hould be turned loose in a pond 
prepared with great care, as they have numerous enemies, such as fish, 
snakes, birds, lizards, coons, and many other animals. The pond should 
be made where the ground is springy, and have plenty of soft muck in 
the bottom. In this muck the frog lies during the winter. The pond 
should have a tight board fence, so that no animals couid get in, and 
should be built so close to the water that no bird could stand on the 
ground inside the fence and pick up the polliwogs. If you do not heed 
all these precautions, and more too, your young fry will all disappear 
down the stomach of some bird or animal; and if you are not an un-
usually close obtterver, you will be in great wonder wher~ they have gone. 
You will have no trouble in feeding the young while they are polli-
wogs ; nature bas provided for that in all waters. They feed upon 
microscopi(? forms found in the sediment. In all waters not impregnated 
with injurious minerals these forms of life are numerous. Put the sedi-
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ment under a strong magnifying-glass, and you will see that it is nearly 
all animal matter, or a formation between animal and vegetab1e, and is 
the proper food ' for the young frog-fry. They will eat it off from the 
sticks and stones on the bottom of the pond, and keep them as clean as if 
they had been washed. An old pond is better than a new one, because 
it will ·have more food in it. · 
The above is as far as I have gone. I have lost my polliwogs, and 
know what became of them, and hope others may profit by a knowledge 
of the difficulties in the way. 
When they have reached the condition of frogs they live on all kinds 
of insects. To provide them food the only way is to procure insects in 
quantities large enough to support a great number of frogs. One plan 
I had waij to put any kind of meat or anything that would call :flies and 
place it around the edge of the pond and on :floating boards; :flies would 
come and cast their eggs, and the frogs lirn on the flies and maggots. 
I think they could be taught to eat meat. They woqld certainly eat it 
if they once tasted it. The question is, how to get them to taste it. I 
have many times tied a small piece of meat on a fine thread and attached 
the thread to a long fish-rod and moved it about near the frog's nose, 
and he would take it very quick. But you could not afford to teach a 
million in this way. I think there might be some plan invented to teach 
them to eat meat; any contrivance that would give it a life-like appear-
ance and movement, and not have the fixture so clumsy that it would 
frighten the frog before he made a snap at the meat, would answer the 
purpose. The frog takes his· food with a snap. Frogs are an article of 
food to a great many. They used to be plentiful, but are now very 
scarce, owing to their being taken during the spawning-season, which 
is the only time they are taken, except a few that are taken out of the 









xxin. -ON FISH-WAYS. 
BY CHARLES G. ltTKlNS, 
A-INTRODUCTORY REMARKS. 
In the present paper, it is proposed to discuss devices for facilitating 
the progress ot' fish over dams in their ascent only. The question of their 
descent is by no means devoid of importance; but the difficulties and 
dangers attending this stage of their migrations are of a totally different 
kind from those that assail them on their ascent, and are to be met by 
a different set of expedients. Indeed, in most cases, J?-either the adult 
fish nor the young requires any sort of assistance in descending. If there 
is a sufficient body of water falling over the dam, they go with it safely 
and readily, tumbling do,vn from great heights and rarely sustaining any , 
injury. It is only where the peculiar configuration of the river and the 
dam or tlie scarcity of water leads them into dangerous. rocks or mill-
. wheels that they require attention. The investigation of this branch of 
the subject is therefore of less press-ing importance than that of the 
means of securing their ascent~ 
B-HABITS OF MIGRATORY FISHES. 
Before discussing the mode of constructing fish-ways, it is necessary 
to consider briefly the habits and peculiar traits of the several species 
for whose use they are designed, so far as these habits and traits· con-
cern the present subject. 
The only American species for which it has been thought expedient 
to build fish-ways are the salmon, shad, and alewife. All three of them 
ascend the rivers in spring and early summer in order to reach suitable 
places to deposit their eggs. The salmon comes both earlier and later 
than the other species, and proceeds immediately to the vicinity of its 
spawning-grounds on the· upper waters, where it lies in quiet pools until 
the following autumn, its spawning-season. The shad comes while the 
river is still in full volume, later than the earliest, and earlier than the 
latest, run of salmon, and spawns within a short time of its arrival in 
some gently-fl.owing part of the river. It neither ascends so far nor 
pushes into 89 small streams as the salmon. The alewife, coming a little 
in advance of the shad, but largely in company with that species, spawns 
often in the still waters of gentle rivers, but more generally in lakes, and 
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ponds from ,the largest to th~ smallest size, to reach which it will, when 
necessaQ·, push up extremely small brooks. 
It is a notable characteristic of all these migratory species to 1·et11rn, 
for the purpose of procr_eation, to the very waters where they themselve& 
were born. Thus, each river, and, in general, each branch, each lak~ 
and each pond, has its own army of migrating fishes, feeding and grow-
ing in the sea, and sending off each season a detachment to the paren\~ 
waters to continue the w,ork of reproduction. The instinct that leads 
·them into their native waters, though not strictly infallible, is so remark:-
ably strong that those fishes that str~y from the true way constitute a 
very small percentage of the whole army.. Illustrations of this truth are 
to be found in many marked instances. ,The salmon of t,he Kennebe°' 
where a small area of spawning-ground is still acce'ssible, yearly pursue. 
the course toward the upper waters of that river, so rarely turning oft 
into the tributary, Androscoggin, that hundreds are caught in the for-
mer to one in tbe latter; though in natural fitness for _salmon-breediii,11 
aside from the facilities for ascending ·it, the Androscoggin is certainly 
not inferior. In a comparison of the ·Penobscot and Union, tbe case is 
stronger still. This established trait has an important bearing on the 
question of the ascent of migratory fishes past an dbstruction that 
has been for genera,tions impassable. Though known facts hardly war. 
rant the conclusion that fishes will not often try to ascend to a high~t· 
point on the river than was reached by their parents, there is nothin.t 
to forbid the conclusion that they have less inclination to seek the highe~ 
waters than they would have had if they had been born there. 
The behavior of these three kinds of :fishes while in the vicinity of 
obstructions is found to correspond in some degree to the range of their 
migrations. Salmon and alewives, whose migrations extend to higher 
and smaller streams than those frequented by shad, are found to take. 
more readily to narrow passage-ways than the latter. 
Alewives are hardy, venturesome, little fish, following the main stream 
where it is practicable and easy, but ready enough to turn aside and 
seek a narrow way around a difficult point. They have been known to 
rush np a fish-way between the legs of the carpenter who was giving it the 
finishing strokes, and a trough only eight inches wide, divided into com-
partments, which were connected by passage-ways only four inches wide, 
has afforded ready passage to large numbers of them.• They exhibit a 
strong, gregarious instinct, moving iu dense bodies as if by a common 
impulse. They always moYe over fallt~ by day, and their favorite time 
is a bright sunny afternoon. On the approach of night, they drop back 
and rest in still pools until the next day is well advanced. So great is 
thei · inclination at night-fall to yield a little to the current that some-
th ·c a large body of fish that has passed out of a fish-way just at dusk 
will I · back into it and rest in its bays, if they are easy enough, till 
h .I sachasetts Commissioners on Inland Fisheries, January, 1869, p. 6. 
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morning. In a fish-way without bays, I suppose they would pass down 
quite through it. Their movements, except in very difficult places, are 
always leisurely. At East Machias, when ascending the rapids below 
tlle fish-ways, they are generally several hours in accomplishing a dis-
tance which they are capable of doing iu a few minutes. When occa-
sion requires, they exhibit great agility and hardiness. They will turn 
on their sides and push themselves up a steep inclined pl11ne against a 
sheet of water not half as thick as their bodies. Nevertheless they are 
ordinarily easily frightened, and one dip of a net or even tile sight of a 
liloving form will often drive them back from a fall or deter them from 
eutering a :fish-way. 
Salmon are less inclined than alewh?es to leave the main current of a 
ri\rer, and their superior size and strength enable them to pass with 
comparative ease over falls that alewives would attempt in vain. It is 
commonly supposed that the s_caling of a perpendicular fall of six or 
seven feet marks the limit of a salmon's powet; but it is a well-attestecl 
fact that under favorable circumstances they have surmounted perpen-
dicular falls of more than twice that height. A case in point is Carra-
tonk Falls on the Kenoebec, where the whole river rolls over a 
precipice into a gorge only about 60 feet wide. The height of the fall 
is 16½ feet, and it is as near perpendicular· as the great vol time of water 
and the narrowness of the gorge will admit. The depth of water at 
the foot of the fall is unknown; a pine log more than 50 feet long, 
going Jown end wise, dhmp'pears with g-reat velocity, .but is never heard 
to strike bottom, aud when it re-appears, after a prolonged absence, it 
leaps nearly its whole length into the air. I have it from several trust-
worthy sources that many salmon have been seen to surmount these 
falls. They were observed in all the reported cases to leap through the 
"air obliquely and strike the column of falling water at the height of 10 to 
13 feet from its base, a11d swim from that point to the summit of the 
fall. Only those succeeded that struck the face of the fall with head 
Straight against the c11rrent, and the majority of the leaps were unsuc-
cessful. This feat would probabl~T be impossible, were it not for the great 
<lepth of the water at the l>ase of the fall, which affords sufficient space 
for the salmon to acquire a great momentum. In the pond at Bucks-
port, salmon have been sef'.n to leap from .still water 10 feet deep and 
clear a hedge 5½ feet high. In passing over low falls they rarely leap, 
but swim up in the sheet of falling water, which must have a consider-
able body to make.the ascent possible, a thin sheet of water often caus-
ing the salmon to expose parts of his organs of locomotion to the air; an 
occurrence which sends him back to the foot of the fall. From what 
has been said to illustrate the strength and agility of the salmon, it is 
not to be inferred that they will pass all falls where it would be possible 
for them to do so. Leaping is something rarely obser,ved, and it is 
quite likely that salmon hesitate~oug before attempting it, and that a 
1arge part of them will never · attempt it. At the Augusta dam, 
S. Mis. 71-38 
5 94 REPORT · OF COMMISSIONER OF FISH .A.ND },ISHERIES. 
below which, in favorab1e seasons, some hundreds of salmon are caught 
one is so rarely seen to leap, tb1:1t I have never beard of_ an instance, and 
for a salmon to surmount it by swimming up the sheet that falls over it 
can hardly be thought possible. 
Salmon move both by night and by day. It is generally assumed by 
European authorities that they will pass dams more readily by night 
than by day. It is the opinion of the Penobscot fishermen, howevei, 
that they rarely, if ever, attempt the passage of difficult places by uight. 
ln support of their opinion, they state that at Ayer's Falls, when it was 
customary to fish on the dam and in the passage-way now set apart for 
a fish-way with dip-nets, no salmon could be caught during the night; 
the drift-nets plied on the shallow rapids a short distance below being 
meanwhile quite successful. At daylight, however, fortune deserteil 
the drift-nets, and from that time till the day was well advanced it 
rested with the dip-nets on the falls. 
The shad, superior to the alewife in size ·and strength, is far inferior: 
in courage. Timidity is one of its prominent characteristics. It is said 
to be frightened by the shadow ofa bridge across its path. In a broad 
current it sometimes surmounts impetuous rapids, but I have never 
heard of its ascending a perpendicular fall, an·d it rarely ventures to f.ol-
low up a small side-current, such as would suffice · for the passage of 
salmon and alf3wives. So little success has attended the efforts to induce 
s~ad to ascend fish-ways, that in discussing most of the devices notice(! 
in this paper they will be almost entirely left out of the account. 
0-THE CONSTRUCTION AND LOCATION OF FISH-WAYS-
In the planning of a fish-way, there are several important things to be 
considered. The fish demand that it be accessible, attractive, and easy 
of ascent. The parties at whose expense it is built demand that it be 
durable and reasonably cheap. The owners of the water-power demand 
that it be not wasteful of water. To meet these various desiderata 
requires a careful consideration of the questions of location, capacity-
form, material, and mode of construction. For our pre.sent purpose, 
however, it will be sufficient to discuss briefly the questions of accessr-
bility, attractiveness, and ease of ascent, and then notice the principal 
devices by which it has been sought to attain them. 
1.-SITUATION. 
Accessibility may be set down as the first essential quality. To secure 
t, the foot of a fish way must be so located that the fish will readilj 
find it. Now, as bas been before remarked, salmon, shad, and alewives 
all follow the main current of the river until they meet some obstruction 
lf1lciently formidable to check their progress ; at the base of this they 
. im many times back and forth, extending the search at each turn 
1 n , short dit-t: nee down the shore on either hand. If there be no 
con ·11i 1•11 1 w ,It the base of' the tan, they drop back occasionally to 
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pools farther ,lown, but on starting afresh the chances are that they 
will agai11 follow the main current, to be again baffled by the insnrmoun t~ 
able fall. In this way they will repeatedly pass the month of a fish-way 
that opem, into the rnaiu stream at some distance below the obstruction 
without 11oticing· it, being attracted by the superior volume of the main 
river, while one whose entrance is in close proximity to tile fall will soon 
lw <liscovere<l. 
The mo<le of :-;ecuring au accessible location is sufficiently simple. It 
lias been the general practice heretofore, in buil<ling ways for salmon 
mul alewi,Tes, to place the upper end at the crest of the darn, or ver_y 
near it. If the height to be overcome is rnry small, only a short fish-way 
is rcqnired, and it can geuerally be hnilt for its whole length straight down 
the 1frer, without carryiug its lower end too far from the dam. But if 
a great length is required, the simplest way of avoiding difficulty is to 
tnrn the lower part of the fish-way at whatever angle may be required-
eYen directly revcrsiug it in mauy cases-an<l bring the lower end baek 
to the vicinity of tlie dam. Tuus, if the fish-way must be 350 feet long, 
it may be carried from its upper enJ. 200 feet down stream and then 
lJrongut back 150 feet, so that it will discharge its waters 50 feet from 
the dam. rrhese reversed fish-ways ha,Te been built in many places, 
aml tliis may be considered the most eligiule form of Smith's, Poster's, 
anJ. similar clevices. In Pike's and Oail's spiral fish-ways, the same end 
is songht and attained by keeping the whole structure within a few feet 
of the dam, so that, on whichever side the water is disclrnrged, itw ill 
always be suffieient]y near the darn. In some cases it is practicable to 
place the upper end of the fish-way iu a canal at such a distance below 
the dam that it may slope directly toward the latter and end near iL 
Such a location has been adopted in plans recently devised for a ftsh-way 
at Angnsta, on the Kennebec, In devising a way for shad through the 
dam at Colnrnbia, on the Snsqnehanna, the Pennsylvania commissioners 
deeme1l it essential that the foot of the fish way sl10uld be no farther 
down the 1-,tream than the face of the dam, so that in searching for its 
entrance the shad sbonhl not be compelled to fall back at all, bnt should 
fjll(} it as a gap in the J.am itself, in and above which the whole body of 
the fo;h-way was placed. So far as accessibility is concerned, such a 
location is perfect. 
A fh,h-way may with propriety he located at either end of a dam which 
is built straight across the river and at right angles with its course,-
other things being ef1ual; but it is always J.esirable to have it nearer to· 
the strong-est current and the main channel of approach. This deside-
ratum cannot, however, always be secured; considerations of couven-
ienee and safoty oftener dictating the locatiou. 
If the dam crosses the ri,Tcr oblifprnly, the best location is genera11y at 
the upper end, toward which the fish natural1y tend as soon as they en-
ccn11ter the oustrnction. This is illustrnte1l by the success of the fish-
way at \Varren, ou tlie Saint George, where both the obliquity of the 
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dam and the tendency of' the current lead the fish directly to the fish-
wa.y. 
It is sometimes the case that the approach to the dam from below is 
obstructed by a natural fall of sufficient difficulty to seriously impede the 
ascent of fish. Under these circumstances it is oft.en admissible to pla~e 
the mouth of the fish-way at a distance from the dam, which, under ordi-
nary circumstances, ~ould prove fatal to ite success. Departure from 
the general rule is, however, to be .taken only with extreme caution; 
since an error in this respect is often irremediable. 
When from a-ny cause it is impracticable to place the mouth of the 
fl sh-way in close proximity to the dam, it is sometimes practicable to turn 
the fish into it by a hurdle or other artificial obstruction placed across 
the stream. It would be better to place the hurdle ol?liquely; the mouth 
ofthe fish-way peing at its upper end. Extensirn contrivances of this 
sort cannot be maintained in our larger rivers, nor in those smaller ones 
where timber-refuse and other rubbish abound. A hurdle extending a 
short distance into the stream is frequently serviceable. One has been* 
dedsed to turn shad into the fish-way at Holyoke, on the Connecticut,. 
2.-A'l"l'RACTIVENESS. 
The second essential requisite in a fish-way is attracti1,eness. Fish 
must be invited to enter, and the only known means of extending such 
11 The following extract from a letter o( Mr. J. W. Milner throws additional light on 
this subject. Speaking (from peri:!Onal observation) of the Holyoke fish-way 1 he says: 
"The reverted portion of the fish-way faces the dam at the point where the sheet of 
water coming over the crest is the deepest, and where, of course, the most ample vol-
ume of water flows. At a high stage of water in the river, the cribs at the mouth of 
the fish-way are entirely submerged, and the outflow is directly into the face of the 
strong counter-current coming from the dam. The channel-way on this side next the 
fish-way is quite clear of rooks, and a free, ample volume of water flows unob-
structed by the end of the fish-way, ancl, deflected by the wing-dam, turns outward un-
til it has passed it. Outside of the channel-way are nurnerons large rocks and broken, 
foaming water. The shad seek the open channel-way in their passage up stream, and 
are led, in following it, close by the mouth of the fish-way; but, feeling the strong, fresh 
force of the current from the dam, they strike boldly into it, not in the least tempted 
by the weak current from the fish-way. Standing on t,he cribs above, I saw this hap-
pen day after day. Frequently as many as twenty shad in a school would pass up 
toward the dam, and they always quickened t.heir movement as they felt the fresh flow 
of the water coming. 
'' There were two methods which I thQught of for inducing the shad to enter: one 
was to continue the fish-way along the wiug-dam, instead of turning it up stream, and 
then, by means of a low wing-dam placed a short distance above the mouth, turn a 
portion of the strong current into the cribs of the ftsh-wo.y. For a short distance it would 
\Je well to take out the bulkheads, so as to make a guide-way to the beginning of the 
winding current of the ladder. The other method was, to open the side of the crib 
nnt to the wing-dam, and make the outlet in the upper compartment of the reverted 
I ortion. Heav:, iron rods should then be set in the rock-bed of the river in the proper 
or , , , 111, 1 o. heavy netting stretched upon them, in the form of one side of the ' heart ' 
,f 1 1•111 11, 11-111 t, in thi way utilizing a principle which the fishermen make so effective 
r. , Dating the fish in aiding them to perpetuate their race and species." 
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an indtation, after securing a proper location, is to pour out a fair flood 
of water from the lower eud of the fish-way. As has already been re-
marked, the migratory fishes prefer a large stream rather than a small 
one. Tllough any stream, issuing from the obstruction or near it, pos-
sesses the capacity to attract them to a certain extent, the attraction of 
the smallm· is wholly or partially overcome by that of the iarger stream. 
A fish-way ma.r discharge a volume so small as to escape for many days 
the notice of the fish for whose use it was designed. So far as can be judged 
from its observed conduct, a fish is guided in its ascent of a river almost 
solely by the current, knowiug little more than that its wa.v is upward. 
When it meets the obstruction of a dam, there are several disti net cur-
rents beckoning it on; there are the curreuts from the waste-way, the mill-
wheels. and the leaks, all competing with the current of the fish-way. 
It commonly chooses first the largest stream, and not learning rapidly 
from experience, nor early losing courage nuder repeated and coq.stan t 
failure, it may pass days in repeated ineffectual struggles against the 
impassable flood of the main stream, alternating with unsuccessful 
searches for an easier way. It is quite evident that the larger the vol-
ume flowing from the fish-way the sooner will the fish find and enter it. 
It is a reasonable proposition that this volume should bear some defi-
nite proportion to the total volume of t.he river, or to that part of it 
which passes down by the same channel into which the fish-way emp-
ties. The only attempt to fix such a ratio of which I am informed was 
made by Mr. Samuel U. Roberts in 1869. In discussing the construction 
of salmon-ladders in Ireland, Mr. Roberts laid down the following rules: 
"The least quantity which will supply asalmon-ladderefficiently is that 
which will pass through an opening 8 inches wide, with a depth of 18 
inches of water fl.owing through it, and the maximum quantity need not 
exceed that which will flow through an openiug 3 feet wide with the same 
depth. 
"I am of opinion that between these two limit:s a scale may be formed 
which will sec11re an adequate supply for salmon-ladders. It occurs to 
me that the fair basis on which to regulate the quautity is the extent of 
the ra,in-basin of the river, and I am of opinion that on all new weirs 
constructed on rivers, whether for navigation or mill-power purposes, 
the minimum opening to be provided should not be less than 8 inches in 
wiclth, the sill being 18 inches below the apex or top of the weir; 
that the depth s_bould be fixed in all cases at 18 inches, but that 
the width should increase in the following proport10ns: " When 
the min-basin exceeds 50 square miles, the width to be increased at 
the rate of 1 inch for every additional 50 square miles until it amounts 
to 13 inches; when it exceeds 250 squilre mih~s, the width to be in 
creased at the rate of 1 inch for every additional 100 sq 11are miles until 
it a1nonnts to 18 inches. When it exceeds 850 square miles, the width 
to l.,e incre,t.-,Jd at the rate of 1 inch for every additional 200 square 
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miles until it amounts to 3 feet, whtch may be fixed as the maximum 
breadth required." 
In the paper from which this extract is made, Mr. Roberts instances 
three examples of successful fish-ways of the most approved patterllJ 
and we may infer that his conclusions were drawn mainly from obser--
vations on their performance, which was certainly very satisfact0¥.91. 
Yet, if the ~ize of the drainage-basin, or the volume of' the river, be 
taken as a basis on which to fix the volume of' water admitted to the 
:fish-way, it is hard to see why the ratio between them should not be con-
stant, or why the size of the fish_-way should be limited while the size of 
the river continues to increase. It is quite probable that Mr. Roberts's 
maximum of 3 feet in width and 1½ feet iu depth will be found insuffi-
cient for the passage-ways of fish-ways ·on-our larger Ame·rican rivers, 
The three examples given by Mr. Roberts are fish-ways OD two Irish rivers, 
the largest of which, theCorrib, drains a basin of about 1,200 square miles, 
about the size of the basin of the Saint Croix. Between the Saint John 
and the Hudson are six or seven rivers "'.'ith .larger drainage-lJasins than 
that. The Kennebec drains .5~800 square miles; the Penobscot, 8,200; 
and the Connecticut, ~ver l_0,000. In point of volume, however, there 
does not appear to be so great a disparity. 'l'he Corrib discharge$, 
during the summer-season, 120,000 cubic feet of water per minute, 
while the discharge of the Kennebec at Augusta is estimated at only 
380,000 cubic feet per minute through the year;• being probably quite 
up to the average <luring May and June~ when fish are asceriding. The 
Connecticut, at Turner's Falls, in the winter of 1866, dit,charged at 
various times from 300,000 to 600,000 cubic feet per minute.+ The com-
parison of these rivers with the Oorrib is not complete without a state• 
ment of the peculiar wa.y in which the water of the latter is used. Out 
of the 120,000 cubic feet :flowing in summer past Galway, 100,000 are 
drawn away ab9ve the dam for the use of mills and navigation; only 
the remaining 20,000 flowing over the dam and down the main channel. 
Of this small residue, 720 cubic feet (being is) flow through the fish-
-way, the passage-ways of which are 2 feet square. Evidently, the sal-
mon, haviug followed the main channel up to this dam, will much more 
readily find the fl.sh-ways than they would if the entire volume of the 
rivet· were pouring over the dam. Such will be the case iu every rivt:'r., 
and I think it quite plain, in view of these facts, that the size of' the 
drainage-basin is not a safe basis on which to fix the size of the fish-way, 
but that the volume of water flowing over and through the dam, and 
the amount discharged from the mills in its immediate vicinity, must be 
com1idered in each individaa] case. The consideration of so many 
,lh·e>rse circumstances will, of coarse, prevent the strict application of 
,m. rule; but it may, nevertheless, be instructive to observe the dimen-
poo,000,000,000 cobic feet per annum.-The Water-Power of Maine, by Walter 
\' ..Jle, • 11111 1 intendent Bydrograpbfc Sorvey of Maine. Augusta: 1869, p. 91. 
Ibid, p. 106. 
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sions demanded in our large rivers by an application of the ratio that 
has bee11 adopte,l in all successful fish-ways. All tlw imccessful fish-ways 
that ltave come to my knowledge have been built on small rivers, 
mainly, it should be stated, because their construction has rarely been 
attempted on large rivers, and because vctrious unfavorable circmn-
stanceR, snch as a dearth of fish, have interfered witll the testing of those 
that ham been built. I do not think there is an instance of a tested 
fish-way for salmo11 and alewives on a river of larger size than the Saint 
Croix, which is, in drainage-basin, equal to the Oorrib, in volume not 
much inferior, and has ou its lower dam, at the head of the tide, a fisll-
way discharging about the same quantity of water as that at Galway, 
namely, 720 cubic feet per minute, which is about 1½7 part of the aver-
age total volnmc of the Saiut Croix:. This fish-w,1-y h,1s been fairly suc-
cessful with alewives, great crowds of which have been seen passing 
through it, and it is pre:sumed that salmon, when they could not sur-
motrnt the dam itself, passed through fae fish-way, considerable numbers 
of them being seen in the river above. The capacity of this fish-way 
may th~refore be considered sufficient for its place. 
To carry out the same ratio in the construction of a fish-way on the 
lower Penobscot, regarding for the moment only the total volume of 
the river, would require a capacity equal to the discharge of 5,133 cubic 
feet of water per minute, a volume which could hardly pass through an 
opening in a Smith or Foster fish-way less than two feet deep and twelve 
feet wide. Rernrtiug now, for a moment, to the case of the Galway sal-
mon-ladder, and recalling the peculiar features of its location, to which, 
perhaps, its success was largely owing, we note that the volume of water 
passing through it was -l-8 that passing over the dam. To apply the 
same ratio on the Penobscot, we will assnme tllat one-half the water is 
pm,sing over the dam; the volume passing through the fish-way must then 
be about 6,700 cubic feet per minute, which would perhaps rnn through an 
opening two feet deep and sixteen feet wide. Thus, we find that if it is 
to conrorm in relative capacity to the tested. fish-ways on the Ameriban 
ri,Ter nearest approaching the size of the Penobscot, or to the best for~ 
eign salmon-ladder of whose performance I am informed, it mnst dis- -
charge either 5,100 or 6,700 cubic feet of water per minute, and this will 
probably require passage-ways two feet deep and. twelve or sixteen feet 
wicle. I am far from affirming that such a scale is essential; but it is 
worthy of notice that in building fish-ways wit.h passage-ways only two 
or three feet wide on rivers of the size of the Penobscot, we are depart-
ing wid.ely from the proportion heretofore found snfficient, reducing the 
relative volume, in fact, 70 or 90 per cent., and diminishing in an unknown 
ratio the chances of fh,h finding the entrance. 
A large number, perhaps the majority, of the salmon-rivers of the 
Eastern United States are circum8tanced like tbe Penobscot; half or 
more of the water at the fish-season passing over the dam. Others, 
among which the Merrimack at sernral points is a conspicuous example, 
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send the greater part of the water off into canals to feed mills. This 
circumstance, so far from being anything to regret, is of positive n<lrnn-
tage, since it lessens the volume of water required in the fish-way, 
Besides the necessity of a sufficient volume of water to attract fish 
into the fish-way, it must be deep enough and wide enough to afford 
them ample room for movement while ascending it. The latter desiu8" 
ratum may sometil!}es dictate the capacity of the structure in small 
streams; although, in rivers of considerable size, there can be no diffi, 
culty in this respect if due care is ta.ken to meet the imperative demand 
for an attractive discharge of water. Salmon can, and sometimes wi~ 
pass through an opening much less than a foot square;* and if therij be 
cases where so small an opening will discharge a flood duly attractive, 
these dimensions will suffice. Under the same limitations, the passa~ 
ways of a fish-way designed for the use of alewives only may be reduced 
to six inches square, discharging not over 40 cubic feet of water per 
minute. _ 
The dimensions given are adapted to the form of fish-way kuown as 
Smith's, and to those which, like it, a_fl'ord a very free passage to tb.e 
water. Of this kind are Foster's and the fish-ways in use in Maine 
rivers before his were introduced. Those devices which greatly retard 
the water, such as Brackett's, will require a corresponding· enlargen~t 
of the openings. 
In devising fish-ways for shad, an entirely different scale mu~t be 
adopted. The lack of' a sufficient volume of water is doubtless the prime· 
reason why shad have never freely ascended any .fish-ways, except the 
two remarkably wide ones constructed at Columbia on the Susquehan~a 
River, which give passage to from 20,000 to 50,000 cubic feet of water 
per minute. · · 
The wants of the fish alone fix the minimum capacity of th~ fish-way; 
but iu determining the proper maximum, we must consult the interests 
of the owners of the water-power, who generally bear the burden of con-
struction and maintenance, and who are therefore affected both by the 
cost of the structure and by the amount of water withdrawn by it from 
the use of the mills or canals. The cost, which is the most importaut 
point by far, will be considered in another place. Serious intrenchment 
on the water-supply is not likely to occur, for the following reasons: 
first, the amount of water required need not exceed one-fiftieth of the 
average volume of the river; secondly, the extensive use of the water for 
mills or navigation generally greatly reduces the volume passing over 
the dam and down the main channel by which the fish approach the 
fish-way, and warrants a corresponding reduction of the amouut of water 
needed; thirdly, the period during which it is desirable to operate the 
fi:sh ways is at a date when there is generally an al>un<lance of water in 
A• Bucksport, almoo have passed in considerable nnmbert1 down throngh a.u opeu-
11 • 11,.: 11 111 u ide and h tbau a foot deep in attemptiug to reach a epawuiug,-
1 om 111 brook. 
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the riverR, and a large amount, going to waste, extensive milling-opera-
tions lJeing rarely lmsed on auythiug more than the low run of water. 
3.-EA.SE OF ASCENT. 
All the migratory fishes are capable of stemming a strong current. 
\Vere the fish-way a, simple, straight sluice, so that the whole volnme of 
water Hlwuld pass through it without l>end or l>reak, a very high velocity 
wonlll be permis:-;ible. Probably six: or eight miles per honr would not 
he too swift. The Pennsylvania commissioners have erected a fish-way 
for 1-,had of such a character, with a velocity whose maximum is esti-
mated to be ten miles per hour.* This fish-way is over a dam only 5 feet 
high, and with a slope of 1 in 24. To construct a fish-way of this kiud 
o,·er a much higher dam would be impractical>le, because with the same 
slope the rnloeity of the water would be accelerated in proportion to the 
inereasc of length, and would soon become excessive; and a more gentle 
slope would require a structure of too great size and cost. For economy's 
sake, both in respect to space and expense, it is deemed better to con-
duet the water down a steeper grade, (auout 1 in 7, 10, or 15,) .1nd 
correct the tendency to excessive velocity by repeated change of direc-
tion, which is generally effected, in the main, by numerous transverse 
partitions. Now, a colnmu of water moving at the rate of ten miles per 
hour wonl<l acquire too great a momentum to admit of such control 
,vithout lJreaking it up into a mass of tumbling spray, in which fishes 
would be utterly unable to direct their course. It is therefore necessar.v 
to greatly modify the velocity. In Brackett's fiRh-way it is brought down 
to the extremely low rate of about 100 feet per minute, which enables us to 
tum the water at right angles without breaking the surface. In Smith's 
and Foster's, it is twice as great. Probably the maximum permissible 
in any of the kindred styles is uot above 250 feet per q1inute, or a little 
less than three miles per hour. Could. a fish-way b1~ devised with a grade 
of 1 in 10, in which the velocity should be greater without injuriously 
breaking the water, and should fish be found to ascend it as readily as 
in a more gentle current, it would have this important advantage o,·er 
those employing- a lower velocity, namely, it would discharge, in propor-
tion to its size and cost, a greater amount of water, and would. therefore 
be more attractive to fish. 
In ,ledsiug means for reducing the velocity of the water, I think too lit-
tle w<>ight ha,-; been giveu to the friction of the Rides au<l. bottom. Any 
one who will compare the motion of water iu an ordinary stony brook, 
or a trench fish-way with that in a fish-way built of timber or cut stone, 
will be struck with the difference in the flow; in the former a much 
stepper grade can be introduced without producing a dangerous or un-
mauageable velocity. Tile cause of the difference is to be sought for in 
the conformation of the sides and bottom, particularly of the latter. In 
--- - - --~ - - -------------~ 
.,, lfrport, of the State [Pennsylvania] Commissioners of .Fisheries for the year 1873. 
Harrisburg, 1874. 
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the brook, not only is the shore-line exceedingly irregular, but the bottom 
-is, for the most part, formed of small bowlders, or, if of ledge, abounds 
in inequalities bristling with projections like a rasp, and acting on the 
water in a manner aptly likened to· the action of the rasp on wood or 
metal. In the fish-way, great pains are commonly taken to have even sur-
faces. These, particularly when coated with slime, as they become after 
a while, are as smooth and slippery- as giass, presenting a minimum of 
resistance to the descending water, which rushes across the -parts with 
unchecked velocity against the partition-walls. It may therefore be of 
great service to give an artificial unevenness to the floor and sides of 
the fish-way. Large timbers crossing the .floor at right angles to the 
current will be very efficient; but there is danger that at low stages of 
the water they may produce a, succession of little ·cascades, to the greait 
disadvantage of.such fishes as alewives. Still, they may be intr(?duced 
far enough apart to admit of sloping boards on the lower side. Another 
mode, applicable to both sides and :floor, is to stud them with sawe(l 
strips of timber, say one or two inches in thickness and width, nailed 
on several inches apart at right angles to the current.* 
A fish-way must ue free from all such false or complicated currents as 
would inislead or perplex the fish. It .is not to be supposed that they 
are guided by any knowledge of localities or directions, but ~imply by 
the downward motion of the water. To make head against the current 
is their steady aim, no matter whether it leads them direct,ly forward 
or to right or left, so long as the turns in the course are not too sharp 
for their flexible bodies to follow. A path that appears very crooked 
to us may be straight enough to them, and is just as good as a straight 
path so long as it leads them constantly upward. In an eddy, the fish 
may go round and round in the same circle at a great expense of time, 
and a slight expense of strength too, but effecting nothing in progress. 
A similar waste of time and energy occurs in following up a side-cur • 
rent which is closed above by some impassable barrier. It is well 
known that in fish-ways consisting of series of pools, with narrow pas-
sage-ways from pool to pool, the greater part of each pool is occupied 
by a htrge eddy, wherein certain migratory fishes, notably alewives, col-
lect in great nultlbers, and lie stemming the gentle current, or carelessly 
revolving with it, small numbers at each revolution leaving the main 
body and shooting up into the next pool above. It is not an easy mat-
ter to determine their motives in pausing so long in their upward jour-
ney. Experts entertain diverse views. The late N. W. Foster., when 
hiR attention was called to the matter, replied that such idling was in 
perfect keeping with the behavior of the fish when passing natural obp 
etructions, and was not to be regarded as in any degree objectionable 
Others say that the fish do not know which way to go, and that they 
- I am indebted for this suggestion to Mr. E. A. Brackett, of Massachusetts. I do not 
u,· whether the device bas been tested, but it eertaiuly a1>pears to be a practicable 
modu of reclueiug the velocity. 
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sometimes lie there in perplexity, until, wearied by exertion, drunk and 
giddy from the continual whirling, they abandon the attempt and fall 
back out of the fish-way. That the fish will sometimes be so perplexed 
as to back out of the fish-way is sufficiently plausible to warrant the 
avoidance of the canses that lead to it, even at considerable cost. It is 
also quite likely that fishes, like other creatures, are capable· of b_eing 
made dizzy by continual whirling; but I can hardly think it possible 
that this ever occurs in the pools of any well-proportioned fish-way of 
a11y of the styles that have been in vogue in the United States during 
tl1e last ten years. Nor does it appear likely that the expenditure of 
strength in stemming eddies is ever sufficient to be of great moment. 
The Joss of time, however, is a serious matter. vVhile in a fish-way, as 
well as below any barrier, fish are liable to be turned back by fright, 
or, in the case of alewives, by the approach of night, and delaJ·ed per-
haps for many <lays in their journey, and exposed so much longer to the 
various mischances that beset them. The quicker, therefore. they can 
be got through the fish'.way and past the obstruction the better. 
It was formerly supposed that fishes required frequent opportunities 
fol' rest, and no pLw was thought complete which did not include a 
nnmher of pools for that pnrpose. Tb.e general tendency of the results 
of more 'recent stndy is to the conclusion that no such resting places are 
necessary; the fishes being capable of long-continued exertion, and 
accomplishing the ascent with much greater speed and certainty when 
kept close at tlleir task than when allowed to idle along in pools and 
eddies. · 
'I1'1ns it appears that eddies are of no value as resting-places, because 
they are not needed, and that they are probably, to a certain extent, 
positively injurious by <lelaying the advance of the fish. They may 
therefore he dispensed ,vith, not only without detriment but probably 
with advantage. Taking this view of the case, our aim will be to pro-
duce a simple aml uniform flow of water. Perfection in these respects 
is neither practicable, nor, as many instances prove, necessary. There 
are not wanting instances of fish-ways with large and st,rong eddies that 
worked admirably; and even in the bt:>st elaborated fish-way that has yet 
been introduced, the eddying and swirling of the water is not entirely 
obviated. 
D-DEVIOES W[IICH ARE IN USE OR HA VE BEEN PRO-
POSED. 
Fish-ways may be classified with reference either to their details or their 
general arrangement. 
With reference to details they may be grouped thus: 
Gap. 
Trench, ditch, or" Cape Cod'' fish-way. 
Oblique groove: 
1. Single groo-ve. 
2. Brewer's. 
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Step: 
1. Box or "pool" fish-ways: 
(a) Overflowing, (old style.) 
(b) With passage-way cut down to floor, (Smith's.) 
(c) With passage-way submerged, (Cail's.) 
2. With contracting galleries, (Pike's.) 
3. With transverse sloping floors, (Steck's.) 
Inclined plane, without steps: 
1. Plain, (Pennsylvania.) 
2. With partitions at right angles : ' 
(a) Common style, ("rectangular compartment.") 
(b) Brackett's. 
3. With oblique partitions: 
(a) Foster's. 
b) Swazey's. 




These two forms have been applied to most of the step and inclined- ' 
plane fish-ways, and can be- adopted with any of them. 
3. Spiral, (Cail's; Pike's, &c.) 
This form is an essential feature of Pike's, and may be combined with 
the details of most of the step and inclined-plane fish-ways. 
1.-GAP. 
The simplest form of fish-way is a gap in the dam. This appears to 
have been much in use in British rivers, where it receives the name of 
"Queen's gap." In low dams, it answers well for salmon. In America, 
it has occasionally been resorted to for alewives; and in dams built of 
plank, it can be made by the simple removal of one or two perpendicular 
planks, forming au opening quite to the bottom of the stream, and, if 
circumstances be favorable and the height be not great, it works wen 
and saves the expense of a permanent structure. The only instance of 
a permanent gap-fish-way that I have seen is at Milltown, on the Saint 
Croix, where wing-dams are built from either shore obliquely up the 
stream, and separated at their upper ends by a space several feet wide. 
Where circumstances permit a dam to be built in this way, it forms the 
best fish-way that could be devised. 
4.-TRENOH, OR CAPE COD FISH-WAY. 
When a dam is too high to admit of the use of the gap, a more elabo-
rate cofttrivance is necessary. The rudest, and in some cases the easiest 
t,o build, i: what may be styled the trench-fish-way, in which a sufficient 
stream of '\tater is conducted around the dam over the ground, in a. 
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trench or in a natnral crevice or ravine, the velocity of its flow being 
m<HlPratcd by the unevenness of tlrn bottom and sides, by turns in its 
din~ction, or by rll(le walls of stone, cros~iug it at convenient points. 
It eorn111only assnmt>s the form of a series of pools, gently flowing or 
eddying, connected by short runs of swift water. In operation, it is 
whPn well located, very successful, and being at the same time cheap, 
i:--; perhaps to be preferred to any other form, where the facilities exist 
for its construction, and there is no special reason to grudge the extra 
volume of water that it requires over the more artificial kinds. A good 
mitny tish-ways of this form have been in use in ~ew England. In Mas-
saehusetts it has received the name of ''Cape Cod fish-way." In Maine 
the most notable is at Damariscotta Falls. Damariscotta River is fre-
quented by alewives, affording no suitable breeding-grounds for salmon 
or shad. Tradition says that in its natural state not even alewives en-
t<>n·d it in any greater numbers than might be supposed to straggle in 
from the neighboring Pemaquid river. 'l'hey could not surmount the fall, 
whieh is ahout fifty feet high, ri1shing clown over a rugged ledge. About 
JSOG the inlrnbitauts built a fish-way, consisting of 20 or 30 pools, in a 
credce of the ledge. The alewives rapidly increased, and have yielded 
large annual returns down to the present time. A few years since the 
catch was estimated at 1,200,000, which was said to be considerably below 
the former yiel<l. There are several places in this fish-way that are more 
difficult for the fish to aseend than any Foster fish-way that I ever saw, 
yet it seems to meet the w·ants of the alewives. 
At Brooksville, Me., there is a trench-fish-way around a dam 18 feet 
high, which has a prett_y steep grade, without pools or considerable 
bends, yet it is quite effective. Alewhres are the only fish ascending it, 
an<l tlrny accomplish the ascent without difficulty. 
3.-OBLIQUE GROOVE. 
The single oblique groove leading in a straight line down the face of a 
clam from its apex to the water below has been tried ju the British 
islands an<l found utterly useless. Its faults are thus described by Mr. 
Samuel U. Roberts, of Galway, Ireland: 
"The velocity of the water which enters the groove at the apex of the 
weir increases in its descent down the inclined plane of the groove, its 
depth lwcomes proportionately diminished, and it is utterly impossible 
that any salmon can pass up it. It is true that when water is flowing 
over the apex of the weir, additional water will be gathered in the 
groove, where it is formed diagonally across the apron of the weir; but 
· this water enters the groove at one 8ide only, and the fish is compelled 
to swim against the current diagonally, which is unnatural. Any large 
quantity of water discharged over the apex of the weir will sweep fish 
out of the groove; while in dry weather, the thin, rapid stream of water 
011 the lower portion of the groove will render it impossible for any fish 
to ascend." 
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The two devices patented by J. D. Brewer, (Plate XX n. fig. 6, first 
device; .Plate XXXII, same in operation; Plate XXXIII, second de-
vice,) of Pennsy'ivania, are combinations of oblique grooves sunk in an 
inclined plane, and conducting streams of water iu a zigzag course down 
to the water below. The first* provides for a single simple strearn, 
turned by very sharp angles. In the second, the stream is <livided at 
regular distances into two, which, after running ont to the opposite sides 
of the fish-way, are brought again together in the center. Both a.re de· 
signed to be used at various stages of wa~er, even when a considerable 
volume is pouring over them. In the latter case, the tendency will be 
toward a violent rotary motion in the grooves ; ancl at all stages of water, 
there is danger of the velocity of the current and the violent boiling1 
of the angles being too hard for fish to encounter. 
4.-STEP-FISH-W AYS. 
'Bhe peculiarity of all the devices grouped under this head is; a level 
floor to each dh'ision of the fish-wa,y, the descent being accomplished by· a 
succession of falls or steps. The common form of the divisioni,-; is nearly' 
square, bntin Steck's and Pike's they are long and narrow. What is com-
monly known as the old "pooF' fish-way (Plate. XXII, Fig~ 4) consists of a, 
number of boxes, placed in a series below the apex of the dam in such a way• 
that the water pours over the top of each box into the next below it in 
a succession of cascades. The width of the sheet is equal to the length; 
of one whole side of a box. This device has been tried in various British 
rivers, b.ut has proved unsatisfactory. In America it has been tried, 
and,· wherever tested, found radically defective. When the water is 
high, its motion in the boxes becomes so violent that no fish can stay 
* Brewer's Iniprovement in Chutes and Fish-ways.-United States Patent-Office.-James D. 
B1:ewer, of Mu.ncy. 
(Specification forming part of letters-patent No. 126257, dated April 30, 1872.) 
To all wlwm it may concern : 
Be it known that I, James D. Brewer, of Muncy, in the county of Lycoming, and 
State of Pennsylvania, have invented certain new and useful improvements in chutes 
for the passage of fish; and I do hereby declare that the following is a full, clear, and 
exact description thereof, reference being bad to the accompanying drawing and to the 
letters of reference marked thereon, which form a part of this specification. • 
The nature of my invention consists in a series of isosceles or equilateral triangles 
extending from the opposite side-walls of the chute of a dam, and laid in the bottom 
thereof so as to form a zigzag coarse, and leaving an open space for the passage of fish 
up and down said chute. 
In order to enable others skilled in the art to which my invention appertains to make 
and use the same, I will now proceed to describe its construction and operation, refer- • 
ring to the annexed drawing, in which is represented a perspective of my chute. 
A represents the bottomJ and B B the side-walls of the chute of a dam. On the bot-
tom • , and extending from the side walls B B, are laid a series of isosceles or equilate-
ral t ri u I , C C, forming a zigzag course, and leaving an open space, a, of about 
... , h 1 11 Ii•• ide, more or less, for the passage of the fish up and down the cbut,e. 
T L., tr i u ~I C C are laid on two stringers, which extend up and down the chute, and 
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in them a moment, and with low water the sheet pouring over the rim of 
each box is so thin as to deter fish from attempting the passage. To 
leap from box to box would be easy enough for salmon and not beyond 
the power of alewh-es, but neither of these fl.sues is willing to leap an 
obstruction. Probably salmon never leap a fall until all other means of 
passing have been tried many times in vain, and perhaps, as has been 
before remarked, many of them will never leap. The fish-way built at 
Lowell, on the Merrimack, in 1866, was after the box-pattern, arranged 
very nearly as in the illustration of the box fish-way. It was very solidly 
built, with boxes about twelve feet square._ Its location was such that the 
amount of water entering it could not be regulated, and consequently it 
was frequently useless, either from floods or drought. At another place 
in Massachusetts a fish-way of this kind was fairly tested in the presence 
of a multitude of alewives. "At the Mystic Water-Power Company's 
dam in West Medford," say the Massachusetts commissioners,• "was a 
step-fish-way, consisting of' a number of deep boxes, each communicati•ng 
with that above by a little fall. Nothing could be easier than this ascent. 
The alewives swarmed in thousands at the foot of the dam.· A few would. 
jump the first and second, and even the third fall. Beyond this not one 
would go ; nay, they would turn about and come down again." 
5.-SMITH'S FISH-WAY. 
Poor as the" pool'' fish-way.is, it is easily altered into a very efficient 
form. It is only necessary to cut a narrow. passage through the wall 
the triangles are secured to said stringers by means of iron bolts or clamps. The tri-
angles and bottom of the chute are to be paved with stone or other suitable mat~rial. 
By means of this arrangement, fish are enabled to pass up streams obstructed by dams 
or slight vertical falls, or natural vertical obstructions, when not too elevated. 
In addition to this, it will be found that water running t.hrough a chute of this kind 
will have a tendency to keep crafts descending the chute in the center, and thus secure 
to them a safer passage in.their descent. In the present chutes, the· force of water con-
fined in a narrow space has a tendency to raise in the middle, and thus throw a raft 
or ark or other craft out of the center to one side or other, and sometimes obliquely 
across the chute. It also breaks the force of tho water, and thus protects the bottom 
of the chutes, and will have a tendency to prevent them from bursting up or being 
washed out and forming breakers, so destructive to lumber-rafts and even the lives of 
watermen. 
I am aware of the existence of Daniel Steck's patent of JLme 26, 1866, and do not 
claim anything contained therein; but--
What I do claim, and desire to secure by letters patent, is-
A series of isosceles or equilateral triangles, extending from the opposite side-walls 
of the chute of a dam, and laid and secured in the bottom thereof, substantially in the 
manner and for the purposes herein set forth. 
In testimony that I claim the foregoing as my own I affix my signature in the pres• 
ence of two witnesses. 
JAMES D. BREWER. 
Witnesses: 
WM. BRINDLE. 
J. M. M. GERNERD. 
* Report of the [Massachusetts] Commissioners of Fisheries for the year ending 
January t, 1870, p. 4. 
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which separates pool from pool for the water to flow through, instead 
of pouring over the top of th.e wall, and we have a device by which 
salmon and other fish can pass from the bottom to the top by swimming 
instead of leaping. This improvement was made in Scotland about 
1840, uy Mr. James Smith, of Deanstone. His fish-way appears to have 
bad compartments, or pools, nearly square, two or three feet deep, with 
le,·el floors, a step from each pool to the next, and passages about one-
fifth the width of the pools, opened at opposite corners. This form was 
remarkably successful, and became the means of · repeopling many 
rirnrs. 
Tue salmou-ladder at Galway, on the river Corrib, (Plate XXIL, Fig. 
1; Plate XXVLI, Fig. 1,) perhaps the most successful known, is con-
structed after this pattern. The weir crosses the river obliquely, is only' 
5 feet high, but quite impassable. The fish-way is located at its upper 
angle, is 46 feet long, divided into five pools nearly 10 feet square, which 
are connected by narrow passes; the inlet is two feet square, and the 
average depth of water in the pools is 14 inches. The rnlume of water flow-
ing clown the river Corrib, at Ga\way, during the summer, is 120,000 cubic 
feet pet· minute. Of this total, 100,000 cubic feet are led off to the mills 
and canal~, 19,280 cubic feet pass over the dam, and 7~0 cubic feet per 
minute pass through.the fish-way, which thus consumes 1 ~ 0 of the total 
Yolumeof the river, and about -h of the amount that passes to waste down 
the main channel. In 1853, the year when t,his fish-way was first opened, 
the l'atch of salmon in the river was only 1,603. In 1864, it bad risen 
to 20,512. The latter year 40,000 salmon are estimated to have passed 
up through the fish-way. Mr. Roberts says, '' It is not unusual to count 
the salmon passing up at the rate of 140 or 150 per hour, and I have no 
doubt uut that at night they ascend in much larger numbers."• 
Two other successful Smith fish-ways exist at Ballysodare (Plat.e. 
XXVII, ~.,ig. 2) and Oollooney, in the county of Sligo, Ireland. Both ot 
tliem, being verr long, are reversed, so that the lower end fo each case is 
broaght close to the fall. At Ballysodare, the fall is 19! feet; the fish-
way is 17 4 feet long, divided iuto 15 pools, each of which is 10 feet wide aud 
11 feet long, with an inlet 10 inches wide and 2½ feet deep in ordinary. 
The fish-way at Oollooney closely resembles tht\ above. The obstruo-
tions on this river were natural and precipitous, and shut salmon out of 
the river completely. After the ways were built, salmon ascended freely, 
in very small numbers at first, but increasing so fast, that eleven years 
later 10,000 were caught in a single season. The Smith fish-way is 
undoubtedly good enough for salmon; it is, perhaps, liable to be dif-
ficult tor alewh~es, but the addition of a slope, instead of an abrupt 
fall at each t1tep, would go far toward making it easy for them. 
6.-CAIL7S FISH-WAY. 
This is a recent invention of Mr. Richard Cail, mayor of Newca,stle-
ou T. ne, Euglaud. It differs from Smith's ira having the passes entirE>ly 
·'onr l h re1,ort of the Commi88ioner of Fisheries of the State of Maine for the year 
ltn 1J1 p. 41. (84'8 illw..,tration.) 
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submerged, opening 1~ or 14 inches square at the bottom of each pool, 
and midway of its width instead of at one side. The inlet is made 
large; than any of the subsequeut passages, so that the pools are kept 
full. The dimensions adopted by Mr. Cail are a.8 follows: Pools at, least 
6 feet square; bottom of• first pool 4 foet below the crest of the dam ·; 
each of the subsequent pools successively 18 inches lower than the one 
that precedes it ; inlet 14 inches square; other passages 12 inches· 
square. With pools 3 feet deep the passes are nearly 2 feet under water. 
The theorv of the inventor is that the water in each pool acts as a 
cushion to"' the inflowing column, retarding its velocity sufficiently for 
practical purposes. This device• has been tried at Dinsdale, and pro-
nounced successful with salmou. Judging merely from the plans and 
descriptions, it does not appear to have any advantage over Smith's· 
and similar contrivances. Though fully satisfactory with salmon, its 
success with alewives would be doubtful. 
7.-PIKE'S FISH·W.A.Y. 
This (Plate XXIX, fig. 1, perspective view; fig. 2, ground-plan) is · 
the inv-ention of Robe1t G. Pike, esq., of the board of commissioners 
on inland-fisheries of the Stare of Oonnecticut. It differs from any 
yet described in haYing long, narrow galleries instead of short pools~ 
The floors are level, and the descent accomplished by easy steps of 
3 inches each. The velocity of the current is checked by change of 
direction and by the convergence of the sides of the galleries. For 
the sak.e of economy in E:lpace and material, the galleries are built 
side by side, without waste-space, and arranged in a sort of spiral. 
ln regard to dimensions, l\fr. Pike writes as follows: 
"I propo.-.e to build fish-ways upon this plan, (for falls of 3 to 8 feet 
height,) with passage-ways 2½ feet wide, narrowing to 18 ill,ches; the 
sides to be 2 feet or 30 inches high, and the fall not less than 1 in 25 or 30. 
The saving of material in this form of fish-way is not far from 35 per 
cent., to say nothing of the extensive masonry and cob-work usually 
required in long fish-ways." 
'' In making one circuit of a fish-way of the above dime.nsions, the 
water traverses 7 galleries, having a total length of -68 feet, and falls 
over 14 steps of 3 inches each, which gives it a total fall of 3½ feet to 
e~clt circuit. Having reached the end of the circuit; the water passes 
under the point of beginning, and pursues its course through a second 
circuit, which is precisely like the first. Between the several floors of 
the spiral there is thus a space of 3½ feet, of which about one foot can 
be left open in the outer walls for the admission of light. The inner 
galleries are lighted by smaller apertures. The compactness, economy, 
and easy grade attained by this device are remarkable, and I think 
entitle it to be considered the most valuable contribution to the science 
of fish-ways since the invention of Smith.'' 
* See illustration. 
S. Mis. 71-39 
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8.-STECK'S FISH-WAY. 
The invention of Daniel Steck, (PJate XXII, fig. 2,) of Pennsylvania., 
differs from Smith's in having the partition-walls placed very near to-
gether, giving long and narrow pools running across the fish-way, and 
in having the floor of each pool ·slope upward from the entrance to the 
outlet. The advantages of this plan are, first, that it enables the builder 
to accomplish the descent in a much shorter distance, thus bringing the 
fQot of the fish-way nearer the dam; and, secondly, that it avoids eddies1 
the pools being too narrow to permit them. The disadvantages are that 
it requires the occupancy of a great breadth of the dam, and that, when 
the supply of water is scanty, the fall at, each step will be an irnpedi· 
me.nt to fish. 
9.-INCLINED-PL.A.NE . FJSH-W .A.YS. 
The fundamental distinction of these from the step-fish-ways is that 
the descent is accomplished by a general inclination of the floor instead 
of steps. The fish-ways of this class requiring notice are the Pennsyl-
vania st,yle, the common rectangu]ar, Brackett's, Foster's, and Swazey'fl 
AU except the first named are built with compartments to check the 
velocity of the current. 
10.-'l'HE PENNSYLV.ANI.A. FISR·W.A.YS. 
These are two structures bui1t by the State of Pennsyl ,?ania in the 
dam at Columbia on the Susquehanna River. They are both perfectlj 
plain open sluices, entirely beyond precedent in dimensions and ease of 
grade, and distinguished from all the common styles by being located 
in and above the dam, instead of projecting in front of it, so that to the 
ascending ti.sh the entrance to the fish-way appears as a simple gap in 
the dam. 
The first (Plate XX, fig. 3, plan in outline; fig. 4, profile in same) 
was built in 1866, at a point 1,500 feet from the right bank of the 
river; the total length of the dam being 6,800 feet, and the height of 
the fall about 6 feet. The fish-way is 45 feet long, 20 feet wide at the 
upper end, and 40 feet wide at the lower end. The widening of the floor 
i · effected by oft'~ets, with the design of affording resting-places for fish ; 
(this feature was omitted from the later plan.)· The grade is 1 in 15. 
Tae outlet is on a line with the face of the dam. Both fish-wa.y and dam 
~ re of beay~ crib-work, filled with stone and furnace-cinder. 
Uncertain t. · isting ns to the success of this structure, a still larger 
, (Plate ~ X, fig. 1, plan in outliue; fig. 2, profile iu same) was built 
1 7' . nt . point 2,500 feet from the left bank, where it was thought 
h· 1i' ,t congregated when stopped by the dam. The new fish-way 
r ·• 1rni orm width of 60 feet, is 120 feet long, and has a grade of 1 
11 1 ,; i , Colonel James \Yorral, the engineer who designed both fish-
ii 1, • th 1· •·locii . of the current in this oue to be less than 10 
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The large size of these fish-ways is demanded by the peculiar character 
of the shad, for the use of which they are designed. They are of too 
costly a character to be used on high dams, even if it were possible to 
conduct a body of water dmvn a long open plane like this without the 
attainment of too great velocity. The fish-way of 1866 may have given 
passage to some shad, but ha,s not met the_ expectations of its builders. 
That of 18i3 bas had one season's trial without fully establishing the 
fact of its success. 
11.-THE COXllON RECT~NGULAR FISH-WAY. 
This (Plate XXXI, in operliltion) is apparently the original style of the 
inclined-plane fish-way. The partitions arP- run at right angles with the 
sides of the fish-way, making rectangular compartments, (commonly 
square,) with passage-ways one-eighth or one-fourth the width of the 
fish-way, c.ut quite down to the floor, and placed alternately against the 
right and the left side. This is very closely like Smith's in form and 
action, being in the latter respect almost identical when well supplied 
with water. In case of a scanty supply of water, the advantage is with . 
the inclined plane, particularly for such fish as alewives. This device 
was in common use in the eastern part of Maine for nia.ny years previous 
to Mr. Foster's improvements, which were made about 20 years ago, and 
is probably of as early origin as Smith's. When well proportioned and 
located, it is very successful with both sahnon and alewives. Among the 
various modifications introduced, the following desen·e notice: 
First, to avoid the violent swirling of the water1 which takes place 
when the floor is an interrupted plane, the bottom of each passage-way 
is blocked up a certain distance above the floor, resulting in an increase 
of the depth of water in the compartments without increasing the vol-
ume flowing, and making a perpendicul_ar fall at each passage-way. In 
the latter result lies the only disadvantage, and this can be overcome bJ· 
placing against the lower side of the blocking an inclined plane, which 
shall support the descending body of water. It should be remarked that 
the blocking of the passage-ways turns the structure into a step-fish-way, 
and that the same mode of overcoming the difficulty o( the perpendicular 
fall may be applied to any step-tish-way. 
Secondly, to check the force of the water across the pool, and thereby 
prevent a difficult cross-current in the ·passage-way, au arm is attached 
to the upper side of each partition-wall aud at right angles with it. 
This modification has been many years in use at Warren on the Saint 
George River. 
Thirdly, to avoid the large eddies and accompanying ·waste of space 
caused by the large compartments, the partitions are placed nearer to-
gether. When the distance between the partitions is equal to the width 
of the passage-ways, the latter being, say, one-th'ird or one-fourth the width 
of the fish-way, eddies are almost wholly avoided, and the economy of 
space is so great that a grade much steeper than ordinary can be adopted. 
A combination of this and the first modification is strongly recommended. 
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12.-BR.A.CKETT'S FISH· WAY. 
Invented and patented by E. A. Brackett,* (Plate XXI, fig. 6, plan; 
Plate XXII, fig. 5, Wustration for patent; Plate XXIII, fig. 1, plan of 
fish-way at South Hadley Falls, Mass.; fig. 2, elevation of same; Plate 
XXV, plan of fish-way at Brownville, Me.; Plate XXVIII, perspecti4 
view,)ofthe board of commissioners on inland-fisberiesofMassacbusetf41 
'The distinctive features of this fish-way are the form and arrangement of 
the partitions and arms, in the device of which the moderation of the 
velocitv of the current bas been the main thing aimed at. The most 
compl;te success bas been attained. The water flows very gent.ly, with-
out breaking or forming strong eddies; and alewfres and other fishes 
ascend it with the utmost ease, passing almost without hesitation through 
its whole length. Pisb-ways of this pattern have been introduced very 
extensively in Massachusetts and several other New England States. 
When salmon are the only fish to use it, a very steep grade, say 1 in 6 
or 7, could probably be adopted to advantage; but as ordinarily built, 
in alewife-rivers, the grade adopted is about 1 in 10. The style of 
arrangement will be readily understood from the illustrations. 
* Brackett's improvenient in fish.-ways.-United States Patent-Office.-Edward A. Brackett; of 
Winchester, Mass. 
(Specification forming part of letters-patent No. 132349, dated October 22, 1872.} 
To all whom it rnay concern : 
Be it known that I, Edwarcl A. Brackett, of Wiuchester, in the county of Middlesexj 
a,nd commonwealth of Massachusetts, have invented certain improvements in fish-
ways, of which the following is a specification: 
The nature and purposes of a fish-way, so called, are, as is well known, to enable 
fish to overcomt} the obstacles of a dam and to ascend streams which would otherwise 
be inaccessible; and the primary object of this inv-ention is to provide a means whereby 
the otherwise rapid current of the fi.sb.-way may be reduced to a sluggish stream of 
uniform orpractically uniform speed throughout, whereby fish may ascend or desceng., 
or rest at their leisure. My improvements consist, first, in extending a fish-way np 
stream through a dam, and so as to extend some distance above the latter, and in pro-
viding said fish-way above the dam with a series of water-inlet ports of various heights 
in order to accommodate the various stages of water and avoid the great pressure 
which wonld otherwise result from high water or a flood; and, secondly, the nature of 
these improvements consists in the construction of the trough or chute of a fish-way by 
means of an oppositely-arranged series of abutments or bulk-heads, or their equiva-
lents, whereby the original current is divert~d into a circuitous or sinuous course, and 
a series of eddies produced, which retard the speed of said current to any desired 
extent, substantially ashereinafter stated. 
Io th~ drawing [Plate XX.II, fig. 5] accompanying this specification, I have repre-
' 11l• ,J, in Fig. 1, a vertical section; in Fig. 2, a side-elevation; and, in Fig. 3, a plan 
of uiy improved "fish-way." 
Iu these drawings, A is supposed to represent the location of the dam of a river or 
1 ·eam into which a fish-way is to be introduced. 
lo carrying out the purpose of my invention, I provide a rectangular oblong trough, 
or 1, , , B, , I , 1L at the sicles and ends, with the exception of one or more water-die-
.!· por .. , a. , 1t • lo,t'er or <lown-stream end, and several water-inlet or supply 
ATKINS-ON FISHW AYS. 613 
13.-FISH-W AYS WITH OBLIQUE P A.RTITIONS. 
Foster's improvement (Plate XXI, fig. 3, plan; fig. 4, same, modified as 
built on Penmaquan River, Maine; Plate XXIV, fig. 1, location of ~sh-
way at Union Mills, Saint Croix Rh·er; fig. 2, plan_of same; fig. 3, side-
elevation of same; fig. 4, cross-section showing shape of passage-ways; 
Plate XXX, fish-way closed) consisted in oblique partitions crossing 
ports, b, b1, b'J
1 
&c.; at its upper end, the trough or box being plac.ed within tho stream 
in a sloping position and projecting through and extending somewhat above the dam, 
a8 shown in the drawing; the slope of the said tr01igh or box being varied with· circum-
stances; the character of the stream, and the velocity to be imparted ~o the cur~ent 
passing through it. The inlet-ports b, b1, b21 before named, are placed at different pomts, 
up and down, of the stream, and consequently admit water to the trough at different 
altitudes; the port b being the highest and receiving the water at the high stage, and 
the port b2 being the lowest of the series and receiving water when it will not enter 
the upper one. 
Having thus seen how I control and regulate the admission of water to the chute B, 
I will now explain how I guide its course through the same, and in so doing carry out 
the primary object of my invention-that of retarding artificially the rapidity of the 
current. To this end I dispose within the chute or box A, and generally throughout 
its leugth, a series of abutments, d, d, d, &c., disposed at regular or irregular distance 
asunder and extending partially across the width of the chute, the abutment of one 
side ufling disposed opposite the recess formed by the two opposite adjacent abutment_s. 
The abutments dare not limited in number nor arbitrarily in position, but are arranged 
substantially as stated. Each abutment, or deflector, d, is formed with one or more 
bends or wings, e,f, &c., which extend longitudinally or thereabouts of the length of 
the chute, in order that the cun·ent of water intercepted by the abutment shall be com-
pelled to take an upward or return movement for a short distauce before passing to 
the uext ensuing abutment to be again iµtercepted and diverted. In this manner, the 
current of water entering the head of the chute is continually interrupted and diverted 
from a direct course, a series of eddies being the result, foll~wing ,each other in such 
rapid succession as to retard tho current throughout the entire chute. As the only head-
way the water can attain is in passing from one abutment, or deflector, to another, and 
as these may be so near to each other a.s to a,lmost entirely reduce the stream to a con-
tinuous series of eddies, the water makes its exit from the chute at about the same 
velocity with which it courses through the upper part thereof, and this velocity may, 
of course, be increased or diminished, according to the num her of de:tl~ctors. 
In a chute, or fish-way, constructed essentially as above described, the fish encounter 
Yery little resistance to their passage, and the eddies allow them to remain at rest at 
any time. ln fact, in fish-ways now in actual use ou this principle, thousands of .fish 
are found in the proper season to be both ascending and descending the chute at the 
same time.· 
Claims. 
1. ln a fish-way which is extended through the dam of a water-course and some dis-
tance above the same, as described, I claim the ports b, b1, b2, arranged substantially as 
shown, whereby the water is admitted through one or more, according to conditions in 
its height, as set forth. 
2. In a fish-way provided with a series of deflectors, d, for causing the water to take 
a sinuous course through the same, I claim the wings e,f, formed on or attached to said 
deflectors, substantially as and for the purposes herein set forth . . 
Witnesses: 
W. E. BOARDMAN. 
E. G. PINKHAM. 
E. A. BRACKETT. 
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the fish-way completely; as in the rectangular style, with a passage-way 
at the upper end 6f each partition, on alternate sides of the fish-way. 
This was at first thought to be an important improvement, but is now 
regarded with less favor. Its action does not differ greatly from that of 
the common rectangular fish-way, while the obliquity of the partitiont 
interferes with the introduction of arms like those in Brac~ett's and 
some other styles, and with its adaptation to the reversed and spiral 
arrangements. A good many of these have been built in Maine, and 
quite a number are now in successful operation . 
.A better device than Foster's is one recently invented (Plate XXI, fig. 
1, plan; fig, 2, same, with additions, by 0. G. Atkins) by Mr. Alfred 
Swazey, of Bucksport, Me., in which the passage-ways are all near the 
center of the fish-way, but discharge the water into two series of pocket, 
arranged on each side. The movement of the water in a model four 
feet wide is admirable. 
14:,-Gli:NERAL ARRANGEMENT. 
Of the three modes of general arrangement mentioned above, namely, 
the extended, the reversed, and the spiral, the first being the simplest, has 
been most generally adopted. The disadvantages attending it have 
been considered sufficiently under the head of location. Though on low 
dams and in exceptional cases it proves quite satisfactory, it is utterly 
unfitted for the majority of cases; and to its use in locations where it 
carries the mouth of the fish-way to a great distance from the dam, I 
attribute a large share of the failures that have occurred. 
The rei,ersed form is far superior to the exten<led when applicable, as 
it generally is. Considering Qnly the question of its adaptation to the 
requirements of the fl.sh, it is fully equal to the spiral. But when the 
questions of economy of space ancl material are brought into consider• 
ation, it is found that the rev-ersed form has no advantage over the 
ex.tended, and that both these are far inferior in these respects to the-
spiral, which is the ne plus 1tltra of fl.sh-ways. 
The spiral form may be given to almost any of the step and inclined-
plane fish-ways, but to some with greater facility than others. The easi-
est to adapt are the rectangular plans, such as Smith's, Cail's, Bracket-rs,. 
and the common rectangular. So far as I know, only three styles of 
spirals have thus far been devised, namely, Pike's, Cail's, and au adapta-
tion of the rectangular-compartment fl.sh-way. Pike's is originally and 
essentially of this form. It is described abo,re among the step:fish-ways, 
and il 1 ustra ted in plan and perspective, (Plate XXIX, :figs.1 and 2.) Oail's 
spiral•is an adaptation of his step-fl.sh-way described above. Each circuit 
consists of 4 pools, arranged in a large square; the descent from pool to 
pool being 18 inches, a descent of 6 feet is accomplished in a single circuit. 
The dimensions proposed by llr. Cail (for small rivers, I suppose) are 
1 folh : pools, 6 feet square and 3 feet deep; inlet, 14 inches square; 
• . ' ·1 - • - . :: . 
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passes 12 inches square. The spiral arrangement occupies an area on 
' 1 . the ground of only 12 feet square. This, it should be rei;;eatet~, 1s not 
fitted for use in alewife-rivers. The third style of spiral referred to is an 
adaptation of the common rectangular,• devised by myself for several 
dams on the Presumpscot anll Machias Rivers. It may be described as 
a series of reversed :fish-ways, piled one on another; the two arms of a 
re,ersed :fish-way constituting a circuit. By running for-ward 15 feet, 
reversing, and running back the same distance, we accomplish a descent 
of 3 feet, which enables us to repeat the circuit immediately under the 
first floor. Tims, whatever the height of the dam, the area occupied 
by the fish-way is no larger than for one only 3 feet high. 
A similar statement might oe made in reference to other st~·les of 
spirals. The saving in ground-area over the extended and reversed 
arrangemtmts is, therefore., for a dam 6 feet high, one-half; for a -dam 
O feet high, two-thirds; for a dam 12 feet high, three-fourths, and so 
on. This saving frequently enables us to occupy a ,er.y eligible site, 
which would be too small for any form out the spiral. The economy of 
material is not so remarkable, out still it is a very important item. Mr . . 
Pike estirn~tes the Raving in bis form to be 35 per cent. 
The advantage of the spiral with reference to the location of the out-
let (or lower end) has already been alluded to. There is little danger 
of getting it too far from the dam, on whatever side the water be dis-
charged. Still there will in most cases be a choice in favor of this or 
that side, according to the peculiar features of the site. 
E-SUBSIDIARY CONSIDERATIONS. 
1.-PROTECTION A.GUNST FLOODS. 
The most of our rivers are subject to destructive floods, which, besides 
the force of the water, assail all exposed structures with :floating ice ancl 
logs. It is, of course, essential that a fish-way be shielded from dangers 
of this sort. The first aim sbonld be to select a site where protection is 
already secured. Frequently, however, it is necessary to place the fish-
way in the open ri"\"'er. It may then be protected by a pier, or, if that be 
impracticable, a narrow fish-way can be covered with stout plank so 
that :floo{]s may sweep over it without injury. As the latter plan in· 
volves the entire abandonment of a11 attempts to regulate the supply of 
water in the fish-way while the flood continues, it should not be resorted 
to when it is practicable to secure a position that admits of constant 
access and regulation. 
2.-1\IATERIAL AI\D COST. 
Little need be sai<l in respect to material. By the laws of most of 
the States where fish-ways are needed, it devolves upon the owner o 
the dam to build and maintain a fish-way. The question of material and 
tt See illustration. 
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mode of construction (providing the requisite form be secured) may, in 
general, be with safety left to him, who may be supposed to best consult 
his own interests in thoss maitters. It may, however, be remarked that, 
except in a few instances, wood is the most economical material, and, 
where facilities exist for wetting the structure occasionally, perhaps 
every day or two during the drought, it will not decay for a great many 
years. In the construction of spirals, wood is the only material that can 
now be economically used; and that form offers peculiar facilities for 
preservation from rot by water-soaking. 
The cost of a fish-way depends so largely on the site and on the co3t 
of material and labor in the vicinity that· no general estimate can be 
made. The cost of extended and reversed fish- ways varies more than 
that of the spirals, on account of the great variation in the amount of 
work required in the foundation. A few instances may be mentioned. 
The fish-way at Unio_n Mills_, on the Saint Croix, (Plate XXIV, figs. 1, 
2, 3, and 4,) being about 70 feet long, 8 feet wide inside, of the Foster 
pattern, built of solid timber, with walls about one foot thick, with an 
extensive foundation of crib-work, in deep water, and the whole strong 
enough to resist the heaviest freshets with logs and ice, cost $600. 
A fish-way at Pembroke, on the Penmaquan River, about the same 
length, 70 foet, 8 feet wide, of lighter material, being not exposed to great 
floods, was built for less than $100. · 
The estimates of experts on the cost of the execution of several plans 
at Augusta on the Kennebec have ranged from $1,500 to $3,000. The 
dam is about 18 feet high, and the river is subject to great floods. 
A stone fish-way has been built at Brunswick on the Androscoggin 
for $1,100. It is 180 feet long, and 10 feet wide inside, to pass O\Ter a 
dam 18 feet high. To secure its inclined floor, a considerable amount of 
excavation of rock was required. The walls are about two feet thick 
and the partitions about one foot, both laid in cement. 
A spiral fish-way bas been devised for the dam at Cumberland Mills 
on the Presumpscot, over a dam about 10 feet high. The ground-plan 
inside the walls is 24½ feet long and 15 feet wide. It is to be bnilt of 
pine timber and plank, worth $20 per thousand feet; and the engineer 
of the mills, Mt·. John Warren, estimates its cost at $365. 
The fish-ways at Lowell and Lawrence, on the Merrimack, cost abont 
$3,000 and $9,000, respecthTely; and that at Holyoke, on the Connecti. 
cut, a still larger snm. 
The fish-way of 1873, at Columbia, on the Susquehanna, being a simple 
inclined plane, 12:> feet Jong anu 60 feet wide, with a heavy gnard-crib 
on either side, cost $11,053. 
The general introduction of the spiral form will greatly reduce t.he 
cost of constructing 6sb-ways over such high dams as those at Lawrence 
and Holyoke, where a large pa.rt of the expense is incurred iu the 
foundation. 
XXIV.-OBSTRUCTIONS TO THE ASCE~l' OF FISH IN CERTAIN 
RIVERS . 
.For the purpose of more accurate information as to the accessibility of 
c3rtain interior waters to salmon, shad, aml other anadromons fishes, 
pa.ssing upward from the portion of the ocean or of ·the great lakes to 
which the former are tributary, I secured the valuable co-operation of 
certain gentlemen, whose reports are herewith communicated. With 
that of Mr. E. M. Stilwell, Jh,h-commissioner of Maine, has been incor-
porated a similar communication from Mr. Charles G. At~ins. Dr. M. C. 
Edmunds bas furnished a report on the streams connected with Lake 
Champlain and the Saint fotwrence River. Both these articles are 
accompanied by maps. Ot,her articles of les~ magnitude, but of much 
interest, have been supplied of some rh~ers in Vi.rginfa, by Mr. McKennie, 
through Thaddeus Norris, and of tributaries of Lake Michigan, by Mr. 
J. F. Ingalls and by Mr. Milner. 
A-OBSTRUCTIONS IN THE RIVERS OF MAINE. 
BY E. M. STILWELL. 
SAINT CROIX RIVER. 
1. Calais, fifteen miles*; Union Mills dam, according to tide, 10 feet. 
2. Barring, nineteen miles; dam, 7 feet. 
3. West Branch, forty miles; Princeton dam, 8 feet. 
4. Vanceborou_gh, E. B., fifty-sev·en miles; dam and fish-way. 
5. Forest City, eighty-two miles; dam, 10 feet. 
PENMA.QU A.N RIVER. 
1. One and a half miles from mouth; grist-mill dam, 7 feet; saw-mill 
dam, 9½ feet. 
2. Iron Forks, one mile ; dam, 25 feet. 
3. Little Falls, four miles; dam, 20 feet. 
DENNYS RIVER. t 
1. Dennysville dam, 10 feet; Dennysville dam, 1½ miles; 12 feet; 
fish-way. 
2. Millwaukie, 4 miles; dam, 14 feet; fish-way. 
3. Medd,t'bemps, 20 miles; dam, 10 feet. 
* Distance from mouth of river. • 
t See map for dams on tributary. 
618 REPORT OF cmIMISSIONER OF FISll AND PISIIERIES. 
OR.ANGE RIVER. 
Three dams near mouth, all with fish-waJ·s. 
EAST l\IACHIAS RIVER. 
Main river, East Machias, 1 dam 8 feet high; 1 dam 14 feet high; 1 
dam just above, 10 feet high. 
Tributary, 1 dam. 
MACHIAS RIVER. 
1. Lower Falls, 3 miles; dam, 14 feet. 
2. Upper Falls, dam, 14 feet. 
3. Whitneysville, 8 miles; dam, 15 feet. 
WESCONGUS, OR PLEASANT RIVER. 
l\fain river, 1 dam at Cofombia, 6 feet; 1 dam at Columbia, 7 feet 
1 dam above, 5 feet; 1 dam above, 7 feet; 1 dam above, 7 feet; 1 dam 
a.born, 5~ feet. 
NARRAGU.AGUS RIVER. 
l\'lai11 river, 1 dam at Cherryfield, 9 feet; 1 dam at Uherryfield, 12 feet; 
1 dam at Cherryfield, 9 feet; 1. dam at Oherryfiel<l, 10 feet; 1 dam at 
Cherryfield, 10 feet; 1 dam at Deblois, 6 feet. 
UNION R.IVER. 
Main river and tributaries, 8 dams, as per plan. 
(See Atkins's Report, p. 300.) 
PENOBSCOT RIVER .AND TRIBUTARIES. 
1. Veazie dam, 10 feet high, with fish-way. 
2. Basin Mills, 4 miles above; fish-way, dam, 8 feet. 
3. Orono dam, 8 feet high, with fish-way. 
4. Great Works <lam, 6 feet high, with sluice, passable for salmon. 
5. Foot of North Twin Lake, West-Branch dam, 16 feet high; open 
from 25th day of June. 
6. East Branch of Penobscot, dam at foot of Grand Lake, 30 miles 
from the forks of the river, 20 feet high; open from about 25th June 
to 1st July, to the end of the year. 
l'assadumkeag bmnch, of Penobscot River. 
7. Lowell, 12 miles; dam, 1~ feet high. 
, ·. Nickatons Lake, dam, 12 feet high; open 1st June. 
Piscataquis branch, of Penobscot and tr-ibutaries. 
9. )lilo, on Sebec Ri¥er, dam. 10 feet high. 
10. Brownsville, on Pleasant River, dam, 10 feet high. 
11. Katah<lin Iron-Works, on Pleasant River, dam, 10 feet high. 
l .! . .' ·bee Villa •11•, at foot of Sebec Lake, dam, 12 feet high. 
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13. Head of Sebec Lake, at month of Ship-Pond Stream, tlam, 12 feet 
high. 
14. At foot of Ship-Pond, dam, 8 feet. 
15. On Ship-Pond Stream and foot of Long Pond, dam, 8 feet high. 
16. East Dover, dam, 18 feet high. 
17. Dover and Foxcroft, dam, 18 feet hi~b. 
18, Guilford, dam, 10 feet high. 
19, Abbot, <lam, 16 feet high. 
Mattawamkeag brctnch of Penobscot Ri-i,er. 
20. Gordon Falls, 4 miles; dam, 14: feet high. 
21. Slurgundy, 2½ miles above; dam, 15 feet. 
22. Kingman tannery, dam, 18 feet. 
23. West Branch Lake, 30 miles; dam, 8 feet. 
24. Rockybeme La.ke, 23 miles from Island Fall, dam, 10 feet. 
25. East Branch, Mattawamkeag, 16 miles from H aym,sville, dam, 
12 feet. 
26. Smyrna, dam, 6 feet. 
SAINT GEORGE RIVER. 
1. Warren Low Falls, 6 miles; dam, 9 feet. 
2. Upper FalJs, 6z miles; dam, 10 feet . . 
3. Union dam, 33 miles; 10 feet. 
4. Hill's dam, 34 miles; 12 feet. 
MEDO:\IA.C RIVER. 
::\Iain river, 1 dam at Waldoborough, 10 feet; 1 dam at Wal<loborough, 
8 feet; 1 dam at Waldoborough ;- 1 dam at Waldoborough, 10 feet; 
1 dam1 above; 1 dam at North Wal<loborough, 6 feet; 1 dam at North 
VValdoborougb, 6 feet. 
D.A.l\U.RISCOTT.A. RIVER. 
Natural fall, 50 feet; not a salmon-river. 
SHEEPSCOT RIVER. 
J. ·upper dam, 31 miles; dam, 14 feet. 
:>. Cooper's Mills, 31 miles; dam, 14 feet. 
3. Whitefield, 27 miles; dam, 12 feet. 
4. King's Mills, 22 miles; dam, 15 feet. 
5. Alna, dam, 10 feet. · 
KENNEBEC .A.ND TRIBUTARIES. 
1. Augusta, dam, 26 feet high. , 
2. Waterville, 18 miles above Augusta, falls, 18 feet in 50 rods; clam, 
at head of falls, 18 feet high. 
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3. Fairfield, or Kendall's Mills, 3 miles above Waterville, · dam, 8 
feet. 
4. Somerset Mills, 3 miles,above Kendall's Mills, dam, 8 feet. 
5. Skowhegan, dam, 14 miles abov~ 'Kendall's Mills, 12 feet. 
6. Anson. 
7. Moosehead Lake, dam at outlet, 8 feet. 
1. Sebastacook branch of Kennebec: 18 miles above Augusta, dam, 7 
feet; and one mile above, another dam, 8 feet. · 
2. Olinton, 11 miles above, dam, 8 feet; .Burnham, dam, 12 feet; Unity, 
dam. 
3. Pittsfield, 10 miles above, dam, 8 feet; Detroit, dam, 7 feet; Ilart-
Jand, dam, 7 feet. 
4. Newport, 8 mile~ aborn Pittsfield, dam, 8 feet. 
1. Oa.rrabasset branch of Kennebec : 1 dam at East New Portland ; 1 
dam at Kingsfield. 
Sandy River a.nd branches, tribittary to Kennebec. 
1. Starks, 2 dams. 
2. New Sharon, dam, 8 feet. 
3. Farmington Falls, dam, 8 feet. 
4. North Chesterville, 1 dam, 12 feet. 
5. East Wilton, 1 dam, 1 O feet. 
6. East Wilton, 1 dam, 13 feet. 
7. East Wilton, 1 dam. 
8. East Wilton, 1 dam. 
9. East Wilton, 1 dam, 5 feet. 
10. Wilton, 1 dam, 7 feet. 
11. Wilton, 1 dam, 9 feet. 
12. Wilton, 1 dam, 6 feet. 
13. Wilton, 1 dam. 
14 . .Wilton, 1 dam, 15 feet. 
15. Phillips, 1 dam, 20 feet. 
1. Oobbosseecontee stream.: Gardiner, 8 <lams. 
Androscoggin branch of the Kennebec. 
1. Brnnswick, dam, 14 feet. 
2. One-fourth mile above, dam and fish-way, 14 feet. 
3. Lisbon Falls, 8 miles ; dam, 10 feet. 
4. Lewiston Falls, dam, 18 feet ; falls, 35 feet in 50 rolls. 
5. Livermore Falls, 20 miles ; dam, 7 feet. 
6. Jay, 8 miles; dam, 8 feP-t. 
7. East Rumford, Rumford Fans, 25 miles, 70 feet vertical pitch, 
natural falls. 
Little Androscoggin: Auburn, 2 dams; 1 dam at Minot, 112 feet ; 1 
t • m above, 13 feet; 1 dam at Mechanic Falls ; 1 dam at Mechanic Falls, 
i, ; 1 dam at Mechanic Falls, 14 feet ; 1 dam at W elcbville, 10 feet ; 
.! • t • 1 near Paris; 1 dam at Oxford, 10 feet ; 1 dam at Oxford, 13 feet. 
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Nerinscot: 1 dam near mouth, 11 feet; 1 dam above, 12 feet; 1 dam, 
rurner, 12 feet; 3 dams at Buckfield; 2 dams at North Buckfield. 
Webb's River : 1 dam at Dixfield; 1 dam at Berry's Mills. 
PRESU'.MPSCOT RIVER. 
1. Presumpscot Falls, 1. mile from mouth, accessible to salmon, shad, 
and alewives. 
2. Cumberland Mills, nine miles; dam, 9 feet. 
3. Saccarappa, ten miles; 2 dams, 10 and 14 feet. 
4. Mallison Falls, sixteen miles; dam: 12 feet. 
5. Gorn bo Falls, eighteen miles; dam, 8 feet. 
6. Great Falls, twenty-three miles; dam, 20 feet. 
7. Steep Falls, twenty-four miles; dam, 11½ feet. 
8. Lindsey's Falls, twenty-five miles; dam, 14½ feet. 
9. Sebago Lake, twenty-seven miles. 
Songo River: Harrison, 3 dams; South Waterford, 2 dams. 
Crooked River: Ede's Falls, 1 dam, 8 feet; 1 dam, 7 feet; Bolster's, 1 
dam, 9 feet; 1 dam, 11 feet; 1 dam, 11 feet; North Waterford, 1 dam, 
8 feet. 
SACO RIVER AND TRIBUTARIES. 
1. Biddeford and Saco, 2 dams, 26 and 6 feet. 
2. Union Mills, 15 miles; dam, 14 feet. 
3. Salmon Falls, 16½ miles ; dam, 10 feet. 
4. Box Mills, dam, 11 feet. 
5. Moderation, dam, 12 feet. 
6. Bonny Eagle, dam, 10 feet. 
7. Steep Falls, dam, 12 feet. 
8. Bison Falls, natural fall of 80 feet. 
LittleOssipee: 2 dams near mouth; OssipeeFalls,1 dam, 7 feet; New-
:fi~ld, 1 dam, 9 feet; New.field, 1 dam, 10 feet; North Shapleigh, 1 da~,. 
12 feet; North Shapleigh, 1 dam, 11 fe_et; North .Acton, 1 dam. 
Great Ossipee: Kezar Falls, 1 dam. 
l\IOUSA:M RIVER, 
18 dams, as per plan. 
SALMON F ~LLS RiVER . 
. Jfain River: 1 dam, 19 feet; l dam, 22 feet; 1 dam, 19 feet;- 1 dam, 
33 feet; 1 dam, 33 feet; ·,1 dam, 33 feet;· 1 dam, 8 feet. 
1.'ributa.ry: 1 clam, 17 feet; 1 dam, 20 feet; 1 dam, 20 feet;' 1 dam, 
20 feet. 
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B-OBSTRUCTIONS IN THE TRIBUTARIES OF LAKE CHAM-
. PLAIN. 
BY M. C. EDMUNDS. 
WESTON, VT., November 22, 1872. 
DEAR SIR: In accordance with instructions from you under da.te of 
Joly 26, 1872, I proceeded to make examinations of the ri,ers in Lake 
Champlain Valley and the south shore :of Lake Ontario. In proceecl-
ing to the work, I took: up first in order Lake George. This lake is 
situated to the west of Lake Champlain, and in an obtuse angle to its 
flow northward. It is thirty-six miles long, and from one to three miles 
wide. It is principally made up of large springs at the bottom of the 
Jake; some of the springs are very large, covering an area of one-half 
acre or more. High mountain-ranges extend on either side, from which 
issue small brooks and rivulets from three to five miles long, only 
one of which is sufficiently large for manufacturing-purposes. The 
water-shed of this lake is quite limited in extent, as the mountains shut 
in close upon the water's edge, and the streams are consequently rapid 
and llrecipitous. The lake debouches into Lake Champlain at a point 
near the village of Ticonderoga,* N. Y., and descends over high, per-
pendicular falls and roaring cataracts, 250 feet, in a distance less than 
two miles. No salmon or migratory fish was ernr known to be in this 
lake, and the reasons are quite obvious, in the presence of the falls 
mentioned above. 
I gave but little notice to the streams emptying into this lake in view 
of the foregoing facts, and can say only this in conclusion, that there 
would be little feasibility in introducing the migratory fishes. The prob-
abilities are that it never could be stocked with these fishes without an 
enormous outlay for fish-ways. It is, however, one of the finest inland 
waters of America for the breeding of fl.sh, because of the purity of 
its water. For all of the fresh-water Salrnonidre it is especially adapted, 
aud is now, as formerly, largely inhabited by them. 
I took up next it1 order the inspection of Lake Champlain and its 
1 ributaries, not visiting, however, any localities south of the junction 
,t' Lake George with this lake, owing to my previous knowledge of the 
n u . condition of the country surrounding the immediate portion of 
h · 1 t part of the lake. 
, o rh·ers of any importance debouch into this lake between Ticon-
1 ~. and the mouth of Otter Creek in Vermont. The latter river is 
on ••p l in Vermont, and rises in the southwestern portion of the 
~ t , t ' 1owing northwesterly, and empties into the lake at about 44P 20' 
l titude. Eight miles from its mouth, at or near the city of Ver-
' ·s situated a natural fall 35 feet in height, over which no salmon 
• 1 
1'1 known to pass. I found that salmon frequented the river at 
See map. 
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an early day as far as the fJills at Vergeune3, although not in such ab:rnd-
ance as in the rivers farther north, tllis being the most southerly river, 
formerly inhabitecl by the $ahnon, ou the lake. 
The knowledge of their once having been in the river is traditional, as 
I know of no writers in later or earlier times who have made· a record of 
the fact. What information I obtained with regard to tllis river was from 
persons who hau heard their grandfathers' stories about catching salmon 
in the Otter Creek below its falls. The present condition of the river offers 
no very promising inducements for beginning the experiment of restock-
ing the same with salmon; ~·et, with a suitable fisb-way °'·er _the falls, 
favorable re~ults might follow the experiment, as the character of the 
water is such as to warrant a belief that much might be accomplished in 
this direction. From this point of observation, I journeyed northward to 
the Boquet River, which empties into the lake nearly opposite the city of 
Burlington, Vt. This river rises in tlle Adirondack Mountains of New 
York, in the famous John Brown tract. It flows northeasterly, through 
a mountainous region, until it reaches Willsborough, where is situated 
a high natural fall. From this point three miles frqm the lake, the river 
is navigable for the largest vessels, and it is said that in former times 
it was largely inhabited by the salmon.41< 
There is a small stream emptying into the river at Wills borough, called 
Willsborough Brook, rising in the north part of the township, in Rat-
tlesnake Pond, which would doubtless be a good stream for the introduc-
tion of salmon. 
It is doubtful whether tlle salmon, in an early day, ever got up the 
main river heyon<l the falls at Willsborongh; but, that they foand their 
spawning-beds and special haunt:-.i below the falls in small brooks, 
coves, and inlets, which are very 1rnrnerous, we have sufficient.evidence 
to believe. It is told, howev~r, that salmon formerl,v ascended the falls, 
and got a long distance up the river into the interior. If it were not 
for the dams and falls, which are quite numerous, the river might be 
restocked with the salmon. Tliis difficulty could be. easily overcome in 
the erection of suitable fish-ways. · 
The next place visit~d was the Winooski Rirnr in Vt:rmout, which 
euipties into the lake at about 44° 30' north latitude. The Winooski (for• 
merly Onion River) was once a fi,ne salmon-stream, and has its source far 
back in the mountaius of the State. Apont five miles from its month is 
situated a natural fal1 1 over which the salmon formerly passed, and took 
a long journey into the interior. It is said that in an early day salmon 
were caught in large quantities at the foot of these falls; and that for 
days and weeks together they would be found in great abundance at 
this point, and at night scale the heig·hts. 
The Winooski is fed by numerous small brooks and rivulets, which 
afford nice fields for the growth of this delicious fish. But for this nat-
ural fall, which is now surmounted by a l1igh darn, the stream might 
It See Watson's History of Essex County, New York. Albany: 1869. pp. 3:>1, 352. 
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again be successfully restocked. With the introunction of fish-ways, 
this difficulty could, of course, be overcome. 
You are next introduced to the Lamoille R~ver, which I regard as 
the most favored region in Vermont in which to begin the experiment of 
restocking with salll]on. It is a more rapid stream than the Winooski; 
has more dams situated on it, J·et no high perpendicular fall. Althoug~ 
it bas many cataracts and cascades, yet not being abrupt, and the dams 
and falls being low, they could be easily surmounted by the salmou with-
out the aid of fish-ways. Th~ bed of the river being gravelly and the 
water clear and cold, I think it affords unsurpassed aflvantage for the 
introduction of salmon. It will doubtless be the stream upon which 
operations will first be commenced. 
The Missisquoi River, the last of the large rivers on the east side 
of the lake, empties itself into l\fissisquoi Bay at Swanton, Vt. This 
river is partly a Canadian river, taking it-51 rise in the southeastern 
townships of the Lower Canadas, and flows southerly into the State of 
Vermont, and then in a westerly direction to the lake. This stream was 
once a great salmon-stream, like the others mentioned; and in an early 
day the salmon ascended the river nearly :fifteen miles, to what is now. 
callecl Highgate Falls. Over these falls no accounts are had of 
salmon passing, and I question very much their ability to do so, as the 
fall of water is somewhat perpendicular, and from 18 to 20 feet in height. 
There is only one dam between the mouth of the river and Highgate 
Falls, over which an easy :fish-way might be constructed. 
From the mouth of the river to Highgate Falls, several small streams 
debouch ioto the rfrer, wherein the salmon would find suitable spawning-
ground. This river is only second in importance to the Lamoille as a 
salmon-stream. 
The next streams visited were the Saranac and Salmon Rivers, on the 
west side of the lake, iu the State of New York. The Saranac Rivert 
which empties itself into the lake at Plattsburgh, is one of the finest 
rivers, comparatively 8peaking, in the whole Lake Champlain Valley for 
salmon, but, unfortunately, foll of high impassable dams,* which, in con-
nection witli the shallowness of the water below the_m, render fish-ways 
in a measure impracticable. Twenty miles up this river, at Russia, are 
situated the Great Falls of the Saranac. These are a succession of falls, 
some of which have a perpendicular height of 35 feet. Large atories 
are told of the a\mndance of salmon inhabiting this stream at an early 
da~, and I have no doubt that they were all true from what I saw of 
it. )Ir. Fouquet, the proprietor of the Fouquet Hotel at Plattsburgh, 
iu •H'l!l ·•l me that bis grandfather related the fact that he had seen 
1mmen ., schools of salmon making into the mouth of this rhTer in his 
111• , in such abundance as to coU1pletely fill the river, rendering their 
• 11 1 ure by the cart-load an easy matter. The last salmon known to have 
, • · mght upon this stream was in the spring of 1824. 
· River Fisheries-People tis. Platt, 17th New York Law Reports. John• 
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Four miles south of Plattsburgh, a small stream, twenty to thirty miles 
long called Salmon River, debouches into the lake, deriving its name 
from' the abundance of salmon formerly caught there. This river has 
upon it a series of dams, almost innumerable. These are so high and i-n 
such close proximity to each other that there is no practicability in intro-
ducing salmon or any other of the migratory fishes. ],roman early da.y 
to within a few years, it has been largely used as a manufacturing stream, 
but an apparent decrease in the quantity of water indicates that it will 
not continue to afford the manufacturing facilities heretofore enjoyed. 
I noticed several high dams that were going to decay, and which I am 
told will never be rebuilt. Should the time arrive when the stream will ~ 
be free from these dams, or to such a degree that fish-ways would be prac-
ticable, I know no reason why the stream may not again be stocked with 
the valuable fish from which it derives its name. A :M:r. Jones, living 
upon tbe bank of the river four miles from its mouth, informed me that 
·so plenty were the salmon in an early day that a twenty-pounder could 
be bought for a "plug of° tobacco;" that when a boy he saw his father 
take a one-horse load of salmon from the stream in the niorning before 
breakfast, with no other implement than a commc,n "pitchfork." 
The next rhyers in order of inspection were the Little and Big Chazy, 
the former of which I did not examine very closely, as it was never 
mtwh of a salmon river, and is now obstructed with high, impassable 
dams. Of the Big Chazy, emptylng into the lake two miles south of 
Rouse's Point, I made a thorough inspection, and think it the best river 
on the west side of the lake in which to begin experiments. 
This river was the only one marked by Ollamplain ·on his discovery 
of the lake as in any way noted for its salmon-fishery. At or near where 
is now located the village of Champlain, he noted on his chart of the 
lake," Salmon-Fisheries," it being doubtless the place where their great-
est numbers were found. This river is navigable fl ve miles f;om its 
mouth; and, although there are a great number of dams above thif§ • 
point, they are so low that they could ~e easily_ overcome by the salmon 
in their ascent of the river. 
It is within the recollection of some of the older inhabitants on this 
river when the salmon ceased their annual visits to the Chazy; and it 
is their opinion that it was neither dams1 sawdust, or other obstructions 
in the river that caused them to forsake it, but that the last fish coming 
into the river was caught. 
From the Chazy I proceeded to St. Joh n's, Province of Quebec, for 
the inspection of the Richelieu. 
The Richelieu River proper begins here, although many ascribe its 
source at or near a point between the United States and Canada, by 
reason of the lake contracting itself into a channel not much wider than 
a large river; yet I think it must be conceded that the river commences 
at St. Joh n's, twenty-three miles farther north of the line between the 
two countries. My reas·ons for this opinion are tha,t at• St. John's the 
S. Mis. 71-40 
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J'iver contracts itself into quite a narrow channel, flowing over a gentle 
inclination, sufficient to cause a slight ripple in,the water, and thus leaves 
no doubt of its river character. 
St. John's is the head of navigation on Lake Champlain, and it is at 
this point where a ship-canal begins and from here extends twelve miles 
northerly to Chambly, w~ere it terminates in the river again. · · 
The. Richelieu from St. John's to 0hambly is quite a rapid streaht, 
running at an average rate of speed of four miles pet hour. · 
At Chambly, the river widens into a large basin or small lake,. and 
from this point to the Saint Lawrence it is navigable for the largest 
class of vessels. 
The character of the river between St. John's and Chambly is su~h 
as to admit of the passage of all the migratory fishes coming from the 
sea, and they will find an easy ascent into the lake. There are just 
below St. John's three eel-weirs, the first being of stone and the seconcl. 
and third of wood. 
I am told it is quite a successful weir or trap for catching eels, as also 
for occasionally impounding. fish. This whole structure, however, is 
measurably destroyed every spring by the ice in the river, and has to 
be rebuilt every season. I was assured by the Canadian government 
that these obstructions should be removed if they offered any hinder. 
auce to the free passage of the migratory fishes. They would doubtlesl:I 
afford no serious objection to tbe early run of salmon; but for the late 
run of shad or salmon, they would prove a great barrier. 
I am of the opinion that an order should issue from the Government 
at Washington asking that these obstructions be removed, or that they 
should not be rebuilt after the summer of 1874 or· of 1875, so that the 
shad and salmon placed in Lake Champlain in the years 1872 and 1873 
may find an easy and safe descent to the Saint Lawrence. 
The authorities at Ottawa gave me the most positive assurance that 
not-bing should be wanting on their part to insure success to the project 
which our Government has in band of restoring to Lake Champlain and 
its tributaries the migratory fishes. It is the opinton of some, however, 
that these weirs offer no serious objection to the ascent and descent of 
fish, as the smelt surmount them every year on their return to the lake. 
And if smelt can successfully pass them, why not the shad and salmon Y 
Perhaps this may all be true, yet I should regard them as dangerous 
traps to the descending fish. 
Farther down the river, there exists an occasional dam extending into 
the river about midway, but which offers no obstruction to the free pas-
sage of fish. 
At Chambly, just before the river debouches into the basin before 
mentioned, there exists what are callecl the Chambly Rapids; these 
rapids extend up the ri ,·er a distance of from one to two hundred rods, 
111 rirnr being quite witle and shallow at this point. They are never 
·w ·n to freeze over darin; winter, and it is here that the smelt may 
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be seen in great abundance in their mid winter Journey to the lake. In 
view of the foregoing facts, it is readily seen that no serious impedill).ents 
exist to the ultimate success of restocking Lake Champlain and its 
tributaries with the salmon. 
I think the lake is well adapted to the introduction of these fishes, 
with its numerous rivers and brooks, coves and inlets, wherein these 
fi.~h ~ould find nice spawning-ground, or where they might be easily 
caug'ht and artificially propagated to an extent that would make them 
as plenty in the future as in the past. 
I am o'f the opinion that in former years the salmon never got up the 
large rivers into the interior of the country to any great extent, but 
that they found their fields for propagation arouncl the mouths of the 
large rivers and in the coves and inlets ·of the l~ke. I reason thus 
from the fact that nearly or quite all of the large rivers have high 
natural falls upon them from five to fifteen miles inland, over which it 
would be impossible for salmon to ascend; and that their abundant 
increase in the lake was solely due to the nice gravelly coves and inlets 
so abundant along the shore of the lake and up the mouths of the 
large rivers. Many of the large rivers formerly noted for salmon have 
these coves to a great extent, wh~le others have nice gravelly bottoms 
in their m.iiin channel near their mouths, that afforded a nice place for 
the salmon to deposit and protect their spawn through the iMubation 
aud batching period. 
Some of tbe bottoms of the rivers appear to have a peculiar slaty 
appearance, and the rivers are remarkable for their freedom from any 
sediment which might impair their facilities for sal.mon-breeding. The 
Saranac, Chazy, and Missisquoi Rivers are especially noted for this 
appearance. 
- The west shore of the lake north of Bulwagga Bay to the mouth 
of the Big Chazy is alternately rocky and gravelly, and ~e same is 
also true of the shore north of Shelburne Bay on the east side, while 
south of these points the shores are clayey, and the salmotl formerly 
were never found. History docs not record the fact that they ever 
existed in the lake south of 44°.20' north latitude. 
SAINT LAWRENCE RIVER AND LAKE ONT.ARIO. 
The salmon formerly were very plenty along the southeast shore of 
the Saint Lawrence, inhabiting the lower reaches ,of the Chateaug3:1, 
St. Regis, Racquet, and Grass Rivers emptying into the Saint Lawrence 
within the Canadian Dominion, as also the Oswegatchie i~ the State of 
New York. Of these streams I took but little notice, but passed on to 
the inspection of the rivers immediately debouching into Lake Ontario 
proper. 
Of these, first in order I inspected the Black River and Chaumotit, 
both of which I found to have been formerly inhabited by the salmon. 
Neither of these rivers at the present offers any foducements for the 
introduction of the salmon, by reason of high and impassable dame. 
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Both of these streams a.t their outlets into the lake are susceptible of 
being made quite profitable fields for salmon-breeding could the trap .. 
weirs and pound-nets be permanently excluded; but these are so 
plenty, and the fishermen so lawless, that it would be useless to begitt 
any experiments here. 
l\fy attention was next directed to the Big Sandy Creek and Salmon 
River in Oswego County .. The former of these ceased long ago to be a 
salmon stream, and received but slight notice at my bands, while the 
latter claimed my special attention, being the first river which I have 
yet found iri all my travels in which the salmon are now found. I 
inspected the river several miles from its mouth upward, and found it 
all the wa.y admirably adapte(l to the growth of salmon. There are 
several dams situated on the river, but so low and in such favorable 
localities as to give easy passage to the salmon. I found, on inquiry, 
the fact that several salmon were caught below and above the dams last 
fall, and that several were caught"below the dams early the past summer. 
I think this, above all streams heretofore seen, to be the best calcu-
lated to commence the breeding of salmon artificially. It is quite evi-
dent that they ascend the river above the dams, and when above have 
a wide range and are free from the attacks of all predatory fish. An 
establishment might be built upon some favored locality .ibove the 
dams where the process of artificial propagation could be begun and 
successfully prosecuted. I noticed several streams where sueh an insti-
tution might be begun, and where as favorable results cot1ld be effected. 
as those attending the experimenfs of Wilmot at Newcastle, Ontario, 
There are no trap-weirs or pound-n~ts, as I am informed, in the mouth 
of the river to prevent the salmon from entering the same with safety. 
The people in this locality are _all kindly disposed to aid and assist this 
l)roject,andarequ:teanxious tllatexperimentsshould becornmenced here, 
After leaYing this river, I took up next in order of inspection the 
Oswego. Tllis rhrer bas its sonrce in the interior lakes of Central New 
York. It was also once a very noted salmon stream, and salmon as-
cended into the Cayuga and Seneca Lakes; but the canal, which extends 
from Oswego to Syracuse, follows nearly the whole course of this river, 
debouching into it, thus making it unfit for a salmon stream. 
I visited several other small streams between this point and the Gen-
esee, at Rochester, and found them equally well-noted salmon streams, 
ac also the Genesee, as far as the falls, together with all streams 
between that point and the Niagara. 
:None of these streams visited are now inhabited by the salmon, but 
the wstimony of all with whom I had any cou,·ersation on the subject 
confirmed the fact that they once had been salmon streams of greater 
or lr·:-,. celebrity. Their testimony all went to show that the last salmon 
t~at had e,·er inhabited these streams had been caught, and that 
1 1·1 tber .·:1 wdust nor other foreign matter bad aught to do in their 
·.·t ermination. 
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It is a fact too apparent to need further confirmation that the trap 
and pound-nets have entirely exterminated this fish from the south 
shore of Lake Ontario. They have been set in the mouths of nearly 
all the rivers emptying into the lake, and consequently the fish have 
become an easy prey to the fisherman. 
In conclusion, I would say that I found the Saint Lawrence to have 
once been inhabited very largely by the salmon, and it is the opinion 
of the inhabitants living along its banks that it might again be stocked. 
Respectfully submitted. 
M. C. EDMUNDS. 
Prof. SPENCER F. BAIRD, 
Smithsonian Institution, Washington, D. C. 
C-OBSTRUCTIONS IN SOME OF THE RIVERS IN VIRGINIA. , 
BY M. MCKENNIE, 
UNIVERSITY OF VIRGINIA, October 2, 1872. 
MY DEAR SIR: Your esteemed favor of 30th ultimo came duly to hand 
on yesterday. As you are aware,I have been much interested in this ques-
tion for several years, but "r fear that little can be done until some cun-
ning leech is able to apply some plaster to our people which shall arouse 
them to a sense of their duty to themselves and thefr chil-dren. The 
project started in a small way by the legislature of 1870-'71 was dropped 
by that of 1871-'72. 
In reply to your inquiry, I beg to state that, on James Riv,er, the first 
dam above Richmond* is 9 miles above that city. 
The Appomattox is closed by a dam one mile above Petersburgh. · 
The Rappahannock is closed by a dam one mile above Fredericks-
burgh. The Rapidan is a tributary of Rappahannock. 
The Pamunkey and Matta.pony unite to form the York, and not far 
above their junction these streams are closed. 
The Potomac is free pretty high up. Black bass have been caught in 
the Shenandoah at Port Republic, which place they have reached by 
going over the low dams which exist below that point. 
The Chowan is also closed a very short distance above its proper 
mouth at the head of tide-water. The Roanoke is closed at no great 
distance from Weldon. 
By introducing the fish into New River, or the Greenbrier, near Ron-
ceverte, on the Chesapeake and Ohio Railroad, the head waters of the Ohio 
might be stocked, if the length of the Mississippi and Ohio do not prove 
an obstacle to the ascent of the fishes to their spawning-ground~. 
I am, yours, truly, 
THADDEUS NORRIS, Esq., 
Philadelphia. 
M. McKENNIE. 
" Richmond is at the head of tide-water. 
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D-CHARACTER OF THE STREAMS ON THE NORTHERN 
SHORE OF LAKE MICHIGAN. 
BY J. F. INGALLS. 
WAUKEGAN, ILL., August 23, 1872. 
DEAR SIR: I have gathered some information in regard to the rivers 
emptying into Green Bay, and also of some of those which empty into 
Little and Big Bays de Noquet and Lake Michigan. Some of them 
were visited by myself, and others by reliable parties, who gave me the 
information. I think the following report is essentially correct. 
PENSAUKEE RIVER. 
The length, following the course of tlie river, is seventy-five miles; it 
is rapid, clear, and comparatively cold, with san.dy and gravelly bottom; 
and in some places rocky ; the banks are high, except near the mouth 
where there are marshes; the depth, except near the mouth, is from two 
to three feet. There is one water-power mill about one mile from the 
mouth. 
OCONTO RIVER. 
This river has a length of about one hundred miles. There are marshy 
shores extending up the stream for about three miles from the mouth ; 
it is comparatively dead water for about one mile from the mouth, which 
has a width of about 150 feet. Above the marshy region is a considera• 
ble stretch of the river, having an average depth of 6 feet; farther up 
are rapids and shoals, with gravelly bottoms, the water being clear and 
cold. There are seven steam-mills at the month ; about twenty miles 
up the river is a mill-dam, which does not reach entirely across; and 
above this, there are a few driving-dams, which are open except in the 
spring. 
PESHTIGO 'RIVER. 
The length is about seventy-five miles; its shores are marshy at the 
mouth, where it has a width of about one hundred and fifty feet. Above 
the marsh are high wooded banks, and the river is clear and cool, with 
sandy and gravelly bottom and freqmmt rapids. There is one steam-
mill at the month, and one water-mill with a dam eighteen miles above 
at Peshtigo Village. 
MENOMONEE RIVER. 
The length of this river, measuring either of its branches, is about 
one hundrecl and fifty miles. One and one-half miles from the mouth 
are rapids, and in the shoals are plac~d three log-dams, with open chuteg 
at the sides for the passage of logs. Thirty miles up the river is Grand 
Rapids, with thirty feet fall in two miles. Fifty miles above these are 
the White Rapids; twelve miles above the latter are the Pemina 
Fall · with a nearly perpendicular clescent of thirty feet. Twenty 
miles above these are the Sturgeon Falls, with a descent of forty 
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feet, in which are log-chutes, overcoming about si~ feet of the de-
scent. Fifteen miles above these are the Lower Quinesec Falls, having 
a descent ne.arly perpendicular of sixty feet. A series of rapids extends. 
above this for two miles to the Big Quinesec Falls, which have an 
almost vertical fall of eighty feet. For the next forty miles along the 
Brale branch, the water is very rapid, and beyond this the surface is level. 
The Michigamnee branch is very rapid, and heads in Lake Michi-
gaumee. The Mequacnmicum branch is also very rapid, and heads in 
small lakes. Below Quinesec are two large branches of rapid water on 
each side. The banks of the streams aire generally high and rocky, and 
for a great part hea-vily timbered. The river at the mouth is about one-
third of a mile wide; above the first falls, it is about one hundred and 
sixty yards wide. There are ten steam-mills at the mouth. 
CEDAR RIVER. 
The length of this river is one hundred miles. Its width at the mouth 
is about one hundred and fifty feet; two miles above the mouth, it has 
a depth of eight feet; above this, it is shoaler, with rapids; the first 
rapids have a descent of fifteen feet ii:i one-half mile; ·above this are occa-
sional rapids; then a slower current, with a sandy bottom; and again, 
rapids, with a rocky and· gravelly bottom. The waters are clear and 
cold; the banks are high and heavily timbered. There is one steam-
mill at the mouth, and three log-dams higher up the rfrer. 
BARQUE RIVER. 
This stream is abou(fifty miles long; its width at the mouth about 
forty feet. There is scarcely any current for about one-fourth of a mile; 
above this, it is rapid, with a stony bottom for about one-fourth of a 
mile; then, for two miles, deep quiet water, about six or eight feet deep, 
with, in many places, marshy shores; above this, it is rapid, with high 
banks, and heavily timbered. The water is clear and cool. There are 
no mills on the river. 
FORD RIVER. 
This river has a length of about one hundred and twenty-five miles; 
its width at the mouth is one hundred and fifty feet ; it has a depth for 
two or three miles of about three feet; above that, it is shallower, with 
occasional rapids. It has high banks heavily timbered. There is one 
steam-mi.11 at the mouth, and no dams on the river. , 
ESC.AN ABA RIVER. 
The length of the river is about seventy miles; its width for fifteen miles 
above the mouth is about seventy-five feet; rapids and a 'mill-dam are 
found three miles above the mouth; above the dam the river runs over 
a flat ledge; it has high banks, and is heavily timbered. 
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WHITEFISH RIVER. 
Its length is about seventy miles; its width :fifteen miles from the mouth 
about seventy-five feet; it is rapid and runs over rocky bottom and sandy 
flats; there are no mills; the shores are covered with heavy timber. 
STURGEON AND. FISH DAM RIVERS. 
These streams are very similar in character to the Whitefish River. 
MONISTIQUE RIVER, 
The length of this river is about seventy-five miles; it has sources in 
large lakes; its width at the mouth is about one hundred and fifty feet ; 
forty rods from the mouth there are rapids and a mill-dam, and still 
higher up marshes and lakes. 
SEUL CROIX RIVER, 
This is a small brook, six miles west of the point, twenty feet w1.de; it is 
rapid and about t~elve inches deep; it heads in a lake one and one-fourth 
miles from Lake Michigan, and runs through dense swamps. 
There is another small stream three miles north of Seul Choix Point ; 
it is twenty-five feet wide at the mouth; there are six inches of water on 
the bar outside; it is shoal and rapid; on the upper portion, there is 
heavy timber; it beads in a lake four miles from the mouth. 
One-half mile farther east is a small stream thirty feet wide at the 
mouth ; it flows over flat limestone rock into Lake Michigan ; it widens 
to about one hundred feet, and beyond this higher up it is shallow, rocky, 
and rapid; heavy timber covers the banks; it heads in a lake; it is deep 
enough at the mouth to float a small boat. 
The more northerly streams I have mentioned are clear and cold. The 
:fish inhabiting all of them are principally pike, dory, pickerel, perch, 
sturgeon, black-bass, catfish, and sunfish. 
I cannot recommend the Pensaukee or Oconto for salmon. The 
Peshtigo is a good river if the dams can be overcome. I would judge 
all of the others t~ be favorable for the experiment. 
J. W. MILNER, Esq. 
J. F. INGALLS. 
E-CHARACTER OF SOME OF THE NORTHERN TRIB-
UTARIES OF LAKE MIOHIGAN. 
BY JAMES W. MILNER. 
The streams here referred to tributary to Lake Michigan I ha-rn not 
explored, but have gained some knowledge of their character from in-
quiry. 
The le-Uer from Mr. J. F. Ingalls contains full information about the 
more nothern rivers. ni.e rivers here referred to are not in his list. 
The PineRi,er, emptying at Charlevoix, which I ascended fifteen miles, 
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heads in the Jordan River, which is a very cold, rapid stream, con-
taining the Thymallus tricolor, of Cope. The mouth of the Pine is .a 
sharp rapids. 
Elk Rapids, though emptying a large quantity of water ipto Grand 
Traverse Bay, would probably not be favorable for salmon, as it heads 
in a series of large lakes. 
The Carp River. 
The B~tsey River. 
The Manistee is a large, long river, emptying through a lake and 
a bay. The headwaters are very cold, and contain the grayling . . There 
are twenty-eight mills, all steain, built on the shore of the lake, and an 
immense number of logs are rafted down every year. r" believe the · 
sawdust at the mouth would not be as objectionable for salmon as for 
whitefish, as I suppose they frequent the milling-rivers in Maine and 
along the Canada shores. 
The Muskegon is another large stream containing the grayling, which 
is, I suppose, an indication of its being clear and cold. 
There are other streams farther south ; but the northern streams are 
probably most favorable for salmon. 
The Escanaba River should be considered very favorable. 
The Monistique is a favorable river if the steam saw-mill is left out' 
of consideration. 
The Pine River is especially favorable; it has a very sharp rapit;) at 
its mouth. The Jordan, at the head of the 1:3outh arm of Pine Lake, 
would be a most favorable spawning-ground, as no dams obstruct the 
passage of the :fish to its head waters. 
The Manistee has, perhaps, too many mills, and has also a large expan-
sion into a la~e not more than two miles long. Its broad waters 






XXV.-THE CRUSTACEA OF THE FRESH WATERS OF THE 
UNITED .ST ATES. 
BY SIDNEY J. SMITH, 
A-SYNOPSIS OF THE HIGHER FRESH-WATER C:RiUSTACEA. 
OF THE NORTHERN UNITED STATES. 
The following synopsis is intended to include all the species of deca- -
pod and tetradecapo~ Crustacea known to inhabit the fresh waters of. 
the Northern United States east of the Mississippi River. It has been 
limited to this particular region, because there bas 1'een at hand no 
material of any importance from other parts of the eountry, and because 
very few species have been described from localities outside of the region 
included. I should, perhaps, except from this statement tbe numerous 
species of Astaoidm, but these have been so recently monog-raphed by 
Professor Hagen that it seems needless to repeat an account of them 
here. The fre~-h-water Crustacea are of great economic importance as 
food for very many, if not all, our fresh-water food-fishes; and on this 
account, a~ well as for 1mrely scientific reasons, I hope this imperfect 
synopsis will be of service to all those interested in the subject, and 
trust it will hasten the preparation of a more complete work, including 
all the species of the United States. 
I am indebted to Mr. Oscar Harger for the descriptions of 'the species 




The following list of the species of this family I have compiled largely 
from Dr. Hagen's most valuable work,* to which the reader is referred 
for the full account of the species. The crawfishes of all the eastern 
part of the United States belong to the genus Cambarus, but the species 
appear to be quite numerous, and are difficult to distinguish without 
careful study. 
0.A.MBARUS ACUTUS Girard. 
Proceedings Academy Nat. Sci. Philadelphia, vol. vi, p. 91, 185:l; Hagen, op. cit., 
p. :l5, pl.1, :figs.1-5; pl.!, :figs.106-127; pl. 3, figs. 143,144. 
This species, one of the largest of our crawfishes, has an extensive 
* Illustrated Catalogue Museum Comp. Zool., No. 3; Monograph of the North Ameri-
can Astacidm, 1870. 
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range, being found from New York State south to Louisiana;and north-
west to Indiana ancl Illinois. 
According to Dr. Abbott,* this species frequents running streams 
which have masses of vegetation growing in them; the animal resting 
upon the plants, usually near the surface of the water. 
C.A.MB.A.RUS AFFINIS Erichson . 
.Astacus affinis Say, Journal Academy Nat. Sci. Philadelphia, vol. i, p. 168, 1817. 
Cambarus affinis Erichson, Arc'b.iv Idr Naturgeschichte, xii, 1846, p. 96; Hagen, 
op. cit., p. 60, pl. 1, figs. 19-22,-84, 85 ; pl. 3, fig. 152; pl. 5. 
Dr. Hagen knew this species only from the Middle States and Mary-
land. According to Dr. Abbott, in the paper previously referred to, this 
is the river-species in the vicinity of Philadelphia. He says, "We have 
been able to find it, as yet, only in the Delaware River, usually frequent-
ing the rocky bed, but also in fewer numbers on the mud-bottomed por-
tions of the river. They are usually found resting under flat stones, 
well out from tM banks of the stream, where the water is of consid-
erable depth. Wherever the vegetation is dense, we have failed to find 
them; nor have we seen anything to indicate that it is a, bnrrowin~ 
species." 
CAMB.A.RUS VIRILIS Hagen. 
Op. cit., p. 63, pl. 1, figs. 23-28; pl. 2, figs. 128-132; pl. 3, fig. 155; pl. 8. 
Canada West; Lake Winnipeg; Saskatchewan and Red River of the 
North; Ohio; Illinois; Iowa; Lake Superior; Missouri; Texas. 
C.A.MBARUS PLACIDUS Hagen. 
Op. cit., p. 65, pl. l, figs. 76-79:; p]. 3, fig.158. 
Illinois; .Tennessee ; Texas. 
O.A.MB.A.RUS JUVENILIS Hagen. 
Op. cit., p. 66, pl. 1, figs. 29-33 ; p1. 3, fig. 157. 
Kentucky River; Osage River, Missouri. 
I 
CA.MB.A.RUS PR0PINQUUS Girard. 
Loe. cit., p. 88; Hagen, op. cit., p. 67, pl. 1, figs. 34-38; pl. 3, fig. 158. 
I have examined specimens of this species from as far east as Mon-
treal, and Dr. Hagen records it from Northern New York to Lake Su-
perior. It dwells in Cayuga, Lake, New York; ancl Profes:sor Verrill 
has found it in a lake at Madison, Wis. 
It was found in abundance in the stomach of Menobranchus lateralis, 
at Ecorse, Mich., by Mr. J. W. Milner. 
A craw fish, fonncl in the valley of the Saint John's and Aroostook Riv-
' 1 in Maine and New Brunswick, is most likely this species; but I have 
never had specimens for examination. 
* American Naturalist, vol. vit, p. SO, February, 1873. 
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CAMBARUS 0BSCURUS Hagen. 
Op. cit., p. 69, pl. 1, figs. 72-75; pl. 3, fig. 154. 
Genesee River, New Yo:r;k. 
CAJIBARUS RUSTICUS Girard. 
Loe. cit., p. 88; Hagen, op. cit., p. 71, pl. 1, figs. 80-83; pl. 3, fig. 161. 
Ohio; Lake Superior. 
CA}IB.ARUS IMMUNIS Hagen. 
Op. cit., p. 71, pl. 1, figs. 101, 102; pl. 3, fig. 160; pl. 8. 
North Carolina; Alabama;- Illinois. 
C.A)IBARUS B.ART0NII Erichson. 
A.stacus Bartonii Fabricius, Supplementum Bntomologire Systematicre, p. 407, 
1798; Say, loc. cit., p. 167. · 
Cambarus Bartonii Erichson, loc. cit., p. 97; Hagen, op. cit., p. 75, pl.1, figs. 47-50; 
pl. 2, figs. 135-139; pl. 3, fig. 166. 
Cambarus niontanus, Diogenes, pusillus, and longulus (f) Girard, loc. cit., pp. 88; 90. 
This seems to be the commonest species in the Northern States. It is 
found in Vermont and Massachusetts, in the tributaries of Lake Cham-
plain and Hudson River, and extends west to Lake Superior and south 
to New Jersey, Maryland, and Kentucky. 
Professor Verrill has collected it under stones in cold brooks in North-
ern New York, and in McKean County, Pennsylvania; but, according to 
Dr. Abbott, it is, in the vicinity of Trenton, N. J., a burrowing species. 
He says, ''The burrows, so far as we have observed them, have all been 
in the banks of the smaller streams and meadow-ditches, (arl.d occasion-
ally a colony of burrows in the river-bank, where peculiarly favorable,) 
a little below the usual water-line." It occurs in Mammoth Cave with 
0. pe~lucidus. 
CAMBARUS R0BUSTUS Girard. 
Loe. cit., p. 90; Hagen, op. cit., p. 80, pl. 3, fig. 156. 
Western New York. 
CAMBARUS 0BESUS Hagen. 
Op. cit., p. 81, pl. 1, figs. 39-42; pl. 3, fig. 163; pl. 9. 
Virginia; Illinois; Lake Michigan; Arkansas; New Orleans. 
CAMB.A.RUS PELLUCIDUS Erichson. 
A.stacus pellucidus Tellkampf, Muller's Arcbiv, 1844, p. 383, (teste authors.) 
Cambarus pellucidus Erichson, loc. cit., p. 95; Hagen, op. cit., p. 55, pl. 1, :figEZ. 
68-71; pl. 3, fig, 148; pl. 6; Packard, .American Naturalist, vol. v, p. 50, fig. 
131, 1871; Hagen, American Naturalist, vol. vi, p. 494, 1872; Packard, Fifth 
.Annual Report, Peabody Academy of Sci~nce, Salem, p. 94, 1873. 
Orconectes pellucidus and inermis Cope, American Naturalist, vol. vi, p. 419, fig. 116, 
1872; Third and Fourth Annual Reports of the Geological Survey of Indiana, p. 
173, 1872. 
This is the blind species of Mammoth Cave, Kentucky, and Wyan-
dotte Cave, Indiana. It is a fact worthy of notice that 0. Barton-ii 
occurs in Mammoth Cave with well-developed eyes. 
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Family p AL~MONIDJE. 
p ALJEl\ION OHIONIS, sp. nov. 
Carapax smooth, stout, and considerably swollen; the antenna.I and 
hepatic spines acute and of nearly equal size. Rostrum short, reachinf 
scarcely to the tips of the antenna! scales; its height in the middle about 
a third of the length, with a very high and arched lamellar crest 
above, not extending back of the middle of the carapax, and armed 
with ten to twelye slender teeth, of which the two or three posterior are 
back of the bases of the ocular peduncles, and more separated from each 
other than the anterior ones; inferior edge arcuate and armed with two 
or three teet.h ; the terminal third or fourth unarmed and directed 
slightly upward to the acute tip. Antenna! scale about two-fifths as 
broad as long; the edges nearly parallel; the tip broad, subtruncate. 
First pair of legs smooth and slender, the carpus, in large specimens, 
reaching beyond the tips of the antenna! scales; merus and carpus sub-
equal in length; hand very slender, about half as long as the carpus ; 
:fingers not quite half as long as the whole hand, cylindrical, armed 
with a few fascicles of setre. Second pair of legs slender, either equal 
or somewhat unequal on the two sides; the ischium, merus, and carpus 
subequal in length; the carpus, in full-grown specimens, reaching much 
beyond the tips of the antennal scales, cylindrical, tapering proximally, 
and armed with scattering spinules, or short hairs; hand considerably 
longer than the carpus, slender; the basal portion of the propodUB 
slightly swollen, nearly cylindrical, and armed with minute spinules; 
the :fingers much shorter than the basal portion of the propodus, slender, 
not gaping, nearly straight, and armed with a few fascicles of short 
setiforrn hairs. Succeeding legs increasing slightly in length posteriop,i 
Jy; all of them with short, strongly-currnd dact,yli, aucl reaching slightly 
beyond the tips of the an tennal scales. 
Fourth and fifth segments of the abdomen produced at the posterior 
lateral angle, which is rounded in the fourth segment and. acutely angn-
Jar in the fifth. Sixth segment only a little longer than the fifth. Tel-
son narrow, considerably shorter than the inner lamellre of the append-
ages of the sixth segment, tapering regularly to the acutely triangulao 
tip, which is armed each side with two slender spines and numerous 
long plnmose setre; the dorsal surface armed with two pair8 of short 
Spines. 
Two specimens give the following measurements: 
Male. :Female. 
mm.. mm. 
Length from tip of rostrum to extremity of telson.. . . . • . . . . . . . . . . 51. o 80. O 
L,·11 rr h of carapax from orbit to middle of posterior margin....... 12. O 22. 0 
Breadth of carapax •• ••••...•.•...... .. • • •• . . . •• . . . . . . . . . • . . . . . . 7. 8 14. O 
L, o••rh of rostrum from its tip to base of ocular peduncles........ 8. 2 ta. 5 
• ,, 1 - t b of basal scale of antenna . . . • . . . . • • • • . • . . • • . • . • • • • • • • • . • • 8. 4 32. 0 
I 1 11• fh of fir pair oflegs.... •• . . . • •. . . • ••. .. • • • • . • . . • • • . . . • • •. 16. o 8. 3 
•'II~ 1 h of merns in first pair oflegs . • • . • . . . • • • . . . • • • . . . . . • . . • . • . 4. 2 10. O 
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mm. mm. 
Length of carpus in fii:,st pair of legs .....•...••••.•• - .... - -, • . . . . . 4. 5 4. 7 
Length of band in first pair of legs . . • • . • • • • . . • . • • . • . . • • • . • . . . • • . 2. 6 52. 0-4q. 6 . 
Length ofsecond pair oflegs .••••...••.•••••.•.•..••...•••.• - • • • 22. 0 10. 5- 9. 6 
Length of merns in second pair of legs. . . • • • • . . . • . . . • . • • • . • . • • • . • 5. 0 11. 0- 9. 8 
Length of carpus in second pair oflegs . • . • . . . • . . . • . • . •• • . . . • . . . • 4. 2 16. 4-13. 6 
Length of hand in second pair oflegs.... • • . • . • . • . . . . . . . . • • . • • • • . 6. 0 6. 6- 6. 1 
Length of dactylns in second pair oflegs . . . . . . • • • • . • . • • . . . . • . • • • 3. 2 10. 5- 9. 6 
The only specimens which I have seen were obtained by Prot If. H. 
Bradley from the Ohio River at Cannelton, Ind., where he tells me it is 
taken for fooc.l. 
PAL~HONETES EXILIPES Stimpson. (Plate I, fig. 1.) 
Annals Lyceum Nat. Hist. New York, vol. x, p. 130, 1871. 
Carapax smooth and the·spines of the anterior border slender and acute. 
Rostrum nearly straight, scarcely reaching the tips of the antennal 
scales, and as long as the carapax from the bases o·f the ocular peduncles 
to the middle of the posterior margin;. the dorsal crest slightly raised a 
little behind the bases of the ocular peduncles, and serrated with seven 
or eight equidistant, slender, and acute teeth, of which the second is 
directly above or slightly in front of the bases of the ocular peduncles ; 
the tip unarmed, slender, and a.cute; the inferior edge armed with one 
or two teeth. Outer flagellum of the antennula much longer than th'3 
inner, ancl its second~ry branch, which does not reach the middle of the 
flagellum, having only the terminal third free. A.ntennal scale broadest 
distally and evenly rounded at the tip. 
First pairoflegs slender,just reaching to the tips of the antennal scales; 
carpus a little longer than the merus, slightly thickened distally; hand 
nearly naked, scarcely thicker than the carpus and only .half as long ; 
fingers as long as the basal portion of the propodus. Secoud pair of legs 
' slender; carpus nearly twice as long as the merus, slightly thickened 
distally; hand slightly thicker than the carpus, and nearly two-thirds as 
long; fingers slender, nearly naked, and a little shorter phan the basal 
portion of the propodus; third, fourth, and fifth pairs of legs inereasirrg 
successively in length, the fifth pair reaching to the tip of the rostrum. 
Sixth segment of the abdomen slender, a little longer than.the fourth 
and fifth together. Telson tapering regularly to the extremity, whicli 
is quite broad, but terminates in a slender and ~cute tip, each side of 
which there is a long and stout spine, and at each lateral angle a shorter 
one, while between the inner spines there are two long plumose setre; 
arising from the under side and reaching beyond 'the tips of. the long 
spines; each lateral margin armed with two short spines, one near the 
extremity, and another about three-fourths of the w9,y from the base to 
the tip. 
Two specimens, the first from .Sandusky Bay, the second from Ecorse, 
Mich., gfre the following measurements : 
mm. mm, 
Length from tip of rostrum to tip of telson •.•...••..••..•••••.••••••••• 30. 0 3~. 0 
Length of ca.rapax from orbit to middle of posterior border • . • • • . • • • . • • • 5. 8 6, 5 
S. Mis. 71-41 
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mm .. mm. 
Breadth of carapax ...•........ •··· --·· •··· • •····· ····•· •··· •· •··· ...• 4. 0 4.2 
Length of rostrum from tip to base of ocµlar peduncle . - - • . . . . . . . . . . . . • 5. 8 6. 4 
Length of basal scale of antenna .... -...•• --•• -• - - .. -- - -•.• - - • ·• . - - . - • . 5. 4 5. 6 
I have seen only half a dozen specimens, which agree very closely with 
each other. All but one of them have seven teeth on the upper edge of 
the rostrum and two below, while this one has eight above and one below. 
Collected by Mr. J. W. Milner at Ecorse, Mich., and in a grassy arm 
of Sandusky Bay, Lake Erie, known as the" Black Channel." 
As Stimpson's specimens were from Somerville, S. C., and his descdl)1 
tion differed considerably from tb,e Lake Erie specimens, I suppose~ at 
the time the above description was written, that the northern specime,na 
represented. a distinct species. Since the manuscript was in the hands 
of the printer, however, I have received a large series of specimens col-
lected by Dr. Edward Palmer in fresh-water streams.in Florida, which 
evidently belong to Stirnpson's species, and at the same time show that 
the Lake Erie specimens are undoubtedly of the same species. Most of 
the Florida specimens, like those from Lake Erie, differ from Stimpso:q'~ 
description in having the rostrum not longer than the antennal scales, 
but in a few of them it is very slightly longer, so that they agree well 
with the description. 
Family PEN.,EID.,E. 
PEN...EUS BR.A.SILIENSIS Latreille. 
Nouveau Dictionnaire d'Histoire Naturelle, vol. xx:v, p. 154, (teste Edwards;) 
Edwards.Hist. Nat. des Crustaces, vol. ii, p. 414; Gibbes, On the.Carcinologim.l 
Collections of the United States, Proceedings American Association, 3d meet• 
ing, p. 170, 1850; Stimpson, Annals Lyceum Nat. Hist. New York, vol. x, p. 
13~, 1871; von Martens, Ueber Cubanische Crustaceen, Archiv fiir Naturge-
schichte, 187i, vol. xxxviii, p. 140. 
This is perhaps more properly a marine than a fresh-water species; 
but as it ascends fresh-water streams for long distances, it should be 
included in the present list. Dr. Stimpson says, "It was found in the 
Croton Hiverat Sing Sing, N. Y., by Professor Baird, and by myself in a 
fresh-water creek near Somers' Point, N. J." It is common on the coast 
of the Southern States, and extends south to Brazil. 
SCHIZOPODA. 
Family MYSIDlE. 
l\h I · RELICT.A. Loven. (Plate I, fig. 2.) 
01 1 u •1 i V ttern ooh Venern fauna Crustaceer, Of-versigbt af Vetenskaps 
Akademien Forhandlingar, Stockholm, xviii, 1861, p. 285; Smith, American 
Journal of Science, 3d series, vol. ii, pp. 374, 452, 1871; and Preliminary Re-
putt ou Dredging in Lake Superior, in Report of Secretary of War, vol. ii, Re-
,1, t of Chief of Engineers, p. 1022, 1871. 
1,i , oculata, var. relicta, G. O. Bars, Histoire Natarelle des Crustac6s d'Eau 
Dc111,, de Norv~ge, 1 livraison, p. 14, plates 1-3, 1867, 
.'ly , dilurianu, Stimpson, MSS.; Hoy, Transactions Wisconsin Academy, vol. 
·, p. 100, 1872, (no description.) 
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Iu this country, this species was first found in the stomachs of the 
white-fish. Subsequently, it was dredged in Lake Michigan by Drs. Hoy 
and Stimpson, in 40 to 50 fathoms, off Racine .. In Lake Superior, I 
found it in a large number of the dredgings. It was brought up with 
sand and mud from 12 to 14 fathoms among the Slate Island~; frolll 4 to 
6 fathoms in the cove at the eastern end of Saint Ignace; from 8 and 13 
fathoms, with Oladophora, &c., on the south side of the same island ; and 
in many of the hauls from 72 to 148 fathoms. Mr. Milner alsb dredged 
it, in 1872, in 60 fathoms, off Outer Island. It apparently furnishes a 
large part of the food of the white-fish in many parts of the lakes. Nine-
tenths of the contents of the stomachs of white-fish taken at Outer Island 
were made up of Mysis. 
I have carefully compared American with Eriropeau specimens, and 
with the beautiful figures given by Dr. G. 0. Sars, in his elaborate 
work on the Fresh-Water Crt;istacea of Norway, and am still unable 
to detect any characters by which tq distinguish them. The form and 
ornamentation of the appendages seem to be exactly the same through-
out, and the habits appear to be the same in the Scandinavian _lakes and 
in Lake Superior. This species is also very closely allied to Mys·is ocztlata 
Kroyer, a marine species found on the coasts of Labrador and Green-
land. Loven points out this close affinity, and regards it, together with 
the occurrence with it in the Scandinavian lakes of Gamniaracanthua 
loricatus Bate, Pontiporeia affinis Lindstrom, and Idotea entomon Fa-
bricius, all of which he regarded as specifically identical with previously-
known marine forms, as evidence that the lakes where it is found were 
formerly filled with salt-water; that they had been cut off from the sea 
by the elevation of the Scandinavian peninsula; and that the differences 
between these species of the lakes and their allies of the neighbor-
ing ocean have been brought about by gradual changes in the ·habitats 
of the "lake-species. Dr. Sars adopts Loven's view as to the origin of 
these species in the Scandinavian lakes; regards the fres];t-water 1J1.ysis 
as only a variety of the marine form; and considers, with good reason, 
the Gammaracanthus as a distinct variety of the marine species. He 
al~o points out the interesting fact that the slight differences (princi-
pally in the form of the telson) which distinguish the fresh-water from · 
the marine form of the Mysis are exactly such as distinguish immature 
from adult individual's of the marine form; and are such differences as 
might have been brought about by a slight retardation of development, 
caused by the gradual change from a marine to a less congenial fresh-
water habitat. Dr. Sars gives the Gulf of Bothnia as a habitat of the 
fresh-water variety, so that it is apparently not wholly confined to the 
fresh waters, but, like the Pontoporeia affinis, lives also in the some-
what brackish waters of the Baltic. 
The occurrence, in Lake Michigan and Lake Superior, so far removed 
from tne sea, of this Mysis, and other forms so nearly identical with 
marine species, is a fact of peculiar interest, which goes far toward 
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proving the marine origin of a part of the fauna of our great lakes. Dr. 
Stimpson,* in his first notiee of his dredging in Lake Michigan, while 
regarding the Mysis as a new species, recognized its close affinity with 
"certain arctic forms," and supposes the same changes to have taken 
place in Lake Michigan as in the Scandinavian lakes. He says, "Mysi8 
is a marine genus, many species of which occur in the colder parts of the 
North-Atlantic seas. One species, M. relicta, was found by Loven in 
company with ldotkea entomon and other marine Crustacea _in the deep 
fresh-water lakes Wener and Wetter of Sweden, indicating that these 
basins were formerly filled with salt-water, and have been isolated from 
the sea by the elevatory movement of the Scandinavian peninsula, 
which is still going on. That the same thing has occurred in our own 
lakes is shown by the occurrence io their depths -of the genus Mysia., 
notwithstanding the non-occurrence of marine shells in the Quaternal'!( 
deposits on their shores. Kingston, on Lake Ontario, is, I believe, the 
highest point in the valley in whicJ?. such shells have been found. Very 
probably, at the time when the sea had access to these basins, the com-
munication was somewhat narrow and deep, and the influx of fresh 
water from the surrounding country was sufficient to occupy entirely the 
upper stratum, while the heavier sea-water remained at the bottom. 
After the basin bad become separated from the ocean by the rise of the 
lp,nd, the bottom water must have become fresh by diffusion very slowly 
to allow of the gradual adaptation of the crustaceans to the change of 
element." In the entire absence of geological evidence of any oceanic 
connection with Lake Superior in recent geological times, the occur-
rence, in its otherwise strictly lacustrine fauna, of a very few forms of 
life showing close affinity with marine species, seems scarcely to war-
rant so positive an assumption of such a connection. At the time Lake 
Ontario was a part of the great Saint Lawrence Valley sea, there was, 
very likely, no insuperable barrier in the Niagara River to the upward 
migration of active swimming animals like M.lJsis, and some of the 
inhabitants of the upper lakes may have reached their present homes 
by this route, during the northward movement of the fauna, at the 
close of the Quaternary epoch. On the other hand, Mysis reliota, 
although originally derived from the strictly marine species M. oculata, 
may have existed long enough to have had the same history as some of 
the strictly fresh-water species, known to be common to Northern Amer-
ica and Northern Europe, since it has much the same geographical dis-
tribntion. The investigation of the fauna of the lower lakes and Lake 
Obamplain, and possibly of Lake Winnipeg, will throw much light upon 
these interesting questions, and it seems best to reserve any lengthy dis-
cussion of them until such investigations have been made. 
Whether we should regard the fresh-water form of Mysis as a variety 
of Jlf. ocu1.ata or as a distinct species, seems a matter of little import· 
•on the Deep-Water Funna of Lake Michigan, American_Naturaliat, vol. iv, p. 403, 
· l' ,·m • r , 1870. 
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ance, as long as we recognize the characters which distinguish the·m ; 
but, as we know no truly intermediate forms, it is perhaps best for the 
present to regard it as a species. 
In regard to the distribution and habits of this species in Europe, I 
translate the following remarks from Dr. Sars's great work. He says, 
"I have found it in Norway only in Lake Mjosen, the largest of our 
lakes. There, however, it is found in very great quantities, from shal• 
low water (3 to 6 fathoms) to very great depths, (200 fathoms.) In 
Sweden, it seems to be much more widely diffused. .Besides the two 
largest lakes of' that country, Wener and Wetter, where it was first dis-
covered, it has since been found in eight other Swedish lakes as well 
as in the Gulf of Bothnia. It has also recently been found by M. Malm-
gren in Lake Ladoga, the largest lake in E'urope, as well as in many 
of the lakes of Finland. In habits, it seems to resemble the marine spe-
cies. Like them, it generally lives collected together in great masses or 
in bands. It seems to prefer places where the bottom presents quite 
rapid inclinations; in such places, it is frequently found in great bands, 
swimming along the borders of' these acclivities in the calm and elegant 
manner peculiar to the species of My.~is, making a digression only here 
and there to avoid some objMt which it fears. Its principal food seems 
to be composed of Entomostraca, with which these waters swarm. In 
the stomach of an individual, which I examiD.ed for the purpose, I dis-
covered the remains of two or three species of Cyclops, a Oanthocamptus, 




HYALELL.A, gen. ~ov. 
First pair of maxillre with rudimentary, very short, and uniarticu-
late palpi. Palpus of the maxillipeds composed of five segments; the 
terminal segment being slender and styliform, and th·e penultimate 
broad. Antennulre, antennre, and thoracic legs much as fn Hyale. Tel-
son short, stout, and entire. . 
This genus seems to be closely allied to Hyale, but differs from it and 
, from the rest of the Orcltestidre in the palpus of maxillipeds, which has 
five instead of four segments, showing in this respect a remarkable 
approach toward the gammaroid group of A.mphipoda. From Hyale, it 
differs also in the telson. 
HY.A.LELLA DENT.AT.A, sp. nov. (Plate II, fig. 8, male, lateral view; fig. 
9, female, lateral view; fig. 10, details.) 
Body slightly compressed. First and second segments of the abdo-
men with the dorsal margin produced posteriorly into a well-marked 
spiniform tooth. Eyes nearly round, about equal in diameter to the 
thickness of the proximal segment of the peduncle of the antennula. 
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Peduncle of the antennula about as long as the head; the :flagellum a 
little longer than the peduncle, and composed of seven to nine segments. 
Antennre somewhat longer than the antennulre; the two distal segments 
of the peduncle elongated and nearly equal; the :flagellum usually but 
little longer than the :flagellum of the antennula, and composed, usuan1, 
of eight to ten segments. 
First pair of legs with the merus somewhat quadrate in outline; the 
ischium and carpus articulated on the two anterior margins, and reach-
ing by, so as to touch each other; the postero-inferior angle being rounded 
and furnished with an area armed with numerous minute denticles, just 
below which there are a few slender setre; the carpus much longer than 
broad, as long as the width of the first epimeroµ, somewhat triangula,\ 
and furnished with a line of setre on each side near the distal extremity; 
the propodus slightly shorter than the carpus, a little less than half as 
btoa.d as long; the lateral margins strongly curved, and armed with 
minute spinules; palmary margin transverse, nearly straight, and armed 
with a small tooth at the posterior angle; the dactyl us very strongly 
curved, and its tip 'closing bettind the posterior angle. Second pair of 
legs in the male greatly developed; the merus nearly quadrilateral, 
considerably longer than broad; the postero-inferior angle slightly 
rounded and armed somewhat as in 'the first pair; the carpus not 
longer than broad, with tile posterior margin projecting into a process 
nearly as long as the merus and extending along the posterior margin 
of the propodus; the propodus very stout, about as long as the depth 
of the second epimeron; the breadth greatest distally, and a little less 
than the length; palmary margin slightly oblique, armed with a sub-
marginal line of setre; the middle portion a little arcuate, with an abrupt 
notch near the middle, and two slight emarginations near the postero .. 
inferior angle; the dactyl us stout, curved, and with the tip closing 
behind the angle of the propodus. In the female, the second pair of legs 
are slender and weak, and the carpus and hand are elongated and nar-
row; the propodus not broader than the merus, more than twice as long 
as broad; the postero-inferior angle produced distally, so that the 
nearly straight prehensile portion of the palmary margin forms less 
than a right angle wjth the posterior margin; the dactyl us slightly 
curved and fitting closely the palmary margin ; seventh pair of legs only 
slightly longer than the sixth, and with the basis broad, and its poste-
rior margin serrate. 
The infero-posterior angles of the thrfe first segments of the abdo-
men a little less than right-angled, but only slightly produced. First 
pair of caudal sty lets considerably longer than the second. Third pair 
short; the basal segments not reaching beyond the basal segments 
of the secon<l pair, nearly as broad as long, and armed on the out-
ide , t the distal extremity \Vith three or foar stout spines; the terminal 
11 t nearJy as long as the basal, slender, tapering, and furnished 
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with a few slender setre at tip. Telson stout, as long as broad; the pos.-
terior margin rounded and furnished each side with a slender seta. 
Length from front of head to tip of telson, 4mm.5 to 6mm.5. J 
Abundant in pools of stagnant water, New Haven, Conn. Also col~. 
lected at Madison, Wis., by Professor Verrill; Madeline Island, Lake~ 
Superior, by Mr. J. W. Milner; at The Dalles, Oregon, by Mr. Oscar 
Harger; and in Lake Raymond and Bird wood Creek, Nebraska, by 
Messrs. Oscar Harger and T. M. Prudden, of the Yale College expedi .. 
tion of 1873; in the West Fork of the Des Moines Riv_er, Humboldt, 
low~ and at Salem, Mass., by Mr. Caleb Cooke; at Grand Rapids, 
l\Iich., and Bangor, Me., by Mr. N. Coleman; and at Norway, Me., by 
myself'. 
Since the above was in the hands of the printer, 1 have received numer-
ous specimens of this species, collected at Lake Okeechobee, Florida, by 
Di. Ed ward Palmer. In some of these specimens, the dorsal teeth upon 
the first and second segments of the ab_domen are very small; and, in a 
very few specimens, they are wholly, or almost wholly, wanting. 
The Amphithoe aztecus Saussure, (Memoire sur divers Crustaces nou• 
veaux du Mexique et des Antilles, p. 58, pl. 5, fig. 33, 1858,) from a 
reservoir at Vera Cruz, Mexico, although very badly described and fig. 
ured from the male alone, has evidently no affinity with .Amphithoe· in 
any modern seqse, undoubtedly belongs to this genus, and may be called 
Hyal,ella azteca. The discovery of the far southern range of our specie~ 
renders it quite probable that it may prove to be synonymous with this 
species of Saussure. 
Allorchestes Knickerbockeri of Bate, (Catalogue Amphipodus Crustacea 
British Museum, p. 36, pl. 6, fig. 1, 1862,) supposed to have come from 
the fresh waters of North America, belongs probably to this genus. It 
has the first and second segments of the abdomen armed dorsally as in 
our species, which it resembles considerably in several other respects, 
although the figures and description, indicated as made from the female 
only, represent the first pair of legs much like those of th:e second pair of 
the female of our species, while the second pair have very stout hands 
and resemble the second pair of legs of the male of our species. The 
palpus of the first pair of maxillre, in Bate's species, is figured (perhaps. 
incorrectly) as composed of two segments. 
Family LYSIANAS~IDJE. 
P0NT0P0REIA H0YI, Bp. nov. (Plate II, fig. 5.) 
Ponroporcia affinis Srru)ih, American Journal of Science, 3d series, vol. ii, p. 452, 
1871; and Preliminary Report on Dredging in Lake Superior, p. 1022, 18il. 
GammarUB Hoyi Stimpson, MSS., (full-grown male form.) 
Gammarus brevistylis Stimpson, MSS., (female.) 
On first examining specimens of this species, obtained in Lake Supe-
rior in 1871, I regarded them as specificalJy identical with the Ponto- . 
poreia affinis of the Scandinavian lakes and the Baltic. A subsequent 
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~nd more minute comparison has, however, revealed some differeneej, 
which are apparently constant. In the form and proportions of the seg-
ments of the thorax and abdomen, in the size and form of the eyes, in 
the minute details of antennuloo, antennoo, and mouth appendages, I can 
detect no differences by which it would be possible to distinguish specj;• 
mens taken in Lake Superior from those sent from Lake Wetter, or from 
the beautiful :figures of the Scamlinaviau species given by Sars.* In 
the first pair of legs, however, the p-ropodus in the American species is 
proportionately a very little shorter than in the European, and the pal-
mary margin is less oblique-that is, it is not so nearly parallel with the 
posterior margin; the posterior margin is somewhat shorter, and fur-
nished with fewer hairs ; and there are usually two small and slender 
spines on the palmary margin near the tip of the closed dactylus, while 
in the European species there are no real spines upon the palmary mar-
gin, but only slender setiform hairs. In both the European and Am~r-
ican species, there is a very thin and narrow lamellar edge, extendillf 
nearly the whole length of the palmary margin. The dactylus is appar-
ently a little longer and more slender in the European species. The 
obliquity of the palmary margin, and its armature near the posteriOl.' 
~ngle, seem to be al ways characteristic of the American species. In 
young specimens, however, there is often but one spine, while in larger 
ones there are often three. In the third and fourth pairs of legs of the 
American species, the dactyl us is usually armed on the inside, a little way 
from the tip, with two setiform hairs, while in the European species there 
is only one. Some young specimens of the American species, however, 
agree with the European in having but one hair upon the dactylus, while 
large ones often have three, and in the full-grown male from Lake Mich-
igan, mentioned farther on, there are even four. 
The most remarkable differences are in the peculiar, elongated, papilli• 
form appendages upon the sternal portion of the thoracic segments. 
In the European species, Dr., G. 0. Sars describes and figures an 
elongated and slender process depending from the middle of the ster-
num of several of the thoracic segments; and in the single specimen 
which I have examined, there are three of these processes, one each on 
the second, third, and fourth segments. Dr. Sars, who has studied the 
liviug animals very careflllly, does not suggest what may be the use of 
the appendageE1, or whether they ever vary in number or position in 
different specimens. In specimens from Lake Superior, there are usually 
seven of these appenda~es, one upon the second and two each upon the 
third, fourth, and fifth segments. In form and size, these appendages 
do not differ, except that in alcoholic specimens they seem to be a little 
longer in the American species. In some specimens of the American 
ll ••ip · the appendage upon the second segment is wholly wanting, and 
in wo s1>ecimens examined carefully there was only a single median 
H,. 11r,· !atorelle des Crostac6s d'Eau Douce de Norv~ge, p. 82, pl. 7, figs. 10-25; 
r11. -, 11, • 1-.i. 1867. 
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one upon the third segment. In the absence of all knowledge of the 
nature and use of these appendages, it seems useless to speculate on 
their importance as distinctive characters. In a species of Pontoporeia 
from the Gulf of Saint Lawrence, which I suppose to be the P . affinis of 
Kroyer, there are no such append.ages on any of the thoracic segments. 
This fact, together with the variation noticed in the specimens from 
Lake Superior, would seem to indicate that these appendages are not 
of so much importance _as might at first be supposed. 
This species was found in great abundance in the dredgings in Lake 
Superior in isn, and occurred in every haul from 4 to 169 fathoms. 
It was also dredged by Mr. J. W. Milner in Lake Superior in 1872, in 
60 fathoms off Outer Island. It is common in the stomach of the white-
fish from Lakes Superior and Michigan, and probably also from the lower 
lakes. All the specimens dredged in Lake Superior were taken in 
August and the early part of September, and none of the females were 
carrying eggs during that time. Females carrying eggs were dredged 
by Dr. Stimpson, in Lake Michigan, in 40 to 60 fathoms, off Racine,· 
Wis., June 24, 1870, and with tbem the adult mal~ form with long 
antennuloo and antennoo. Thi°s peculiar form of the adult male, corre-
sponding perfectly wlth the same form of the European species figured 
and described by Dr. Sars, I have not been able to find among the · 
numerous specimens from Lake Superior. A single specimen of this 
form of the male was, however, sent to me by Dr.· Stimpson under the 
manuscript name of Gammarus Hoyi, while two specimens of the female 
were sent as Gammarus brevistylis. These are undoubtedly the same 
as the Gammarius Ho.Yi and brevistilus mentioned, without description, -
by Dr. P. R. Hoy, (loc. cit.) 
PONT[POREIA FILICORNIS, sp. nov. 
Gammarus jilicornia Stimpson, MSS. 
Male.-Outline of the head very much as in P . affinis. Eyes about as 
large as in that species, slightly elongated, black;. Peduncle of the an-
tennula reaching nearly to the distal end of the penultimate segment of 
the peduncle of the antenna, about as long as the head and the first 
segnient of the thorax together; first segment large and thickened ; 
second half as long as the :first; third slightly more than half as long 
as the second. Flagellum greatly elongated and very slender, reaching 
nearly to the tip of the abdomen, and composed o.f thirty-three seg-
ments, of which the proximal are longer than broad, while they i~crease 
in length distally, until, near the tip, they are many times longer than 
broad, and exceedingly slender. The upper side of the :flagellum is 
nearly naked, only the alternate segments being furnished with two 
minute setoo near the distal extremity, while the under side of each seg-
ment is armed distally with minute setoo, and most of the segments 
with one or several clavate (olifactory) papilloo, and many of the seg-
ments have in addition a peculiar transparent, shallow, bell-shaped ap-
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pendage, raised on a. very slender peduncle. Secondary flagellum reach,. 
ing to the fourth segment of the primary, and composed of four segments, 
of which the terminal one is very short. Penultimate segment of the 
peduncle of the antenna about as long as the first segment of the pedun. 
cie of the antennula; ultimate segment slightly shorter; penultimate 
and antepenultimate segments furnished with long, plumose hairs 
below and several fascicles of short, setiform hair~ above. FlagelluJI 
much longer than the flagellum of the antennula, very slender, and com-
posed of about fifty very elongated and somewhat flattened segments, 
which have about the same proportions as . in the flagellum of the 
antennula, and are furnished with the same kinds of appendages. 
Epimera of almost exactly the same proportions a°:d form as in P. 
affinis, and the first four margined with plumose hairs in the same way. 
First pair of legs very neady like those of P. affinis; the palmary mar-
gin even slightly more longitudinal than in that sp!3cies, continuous 
with the posterior margin, and armed with two small obtuse spines near 
the tip of the ciosed dactylus in addition to the setiform hairs. . Second 
pair of legs of ihe same form as in P. affinis, except that the palmary 
margin is slightly concave and a little oblique in a proximal direction; 
the posterior margin furnished with fascicles of setiform hairs, as in 
that species, and armed close to the palmary margin with three or f'onr 
small obtuse spines. Third and fourth pairs of legs like those of P. 
affin,is, except that the dactyli have each three setiform hairs near the 
tip, being in this as in several other respects nearer P. Hoyi. Fifth and 
sixth pairs of legs almost exactly as in P. affinis, except the posterior 
margin of the propodus in the sixth pair is armed with three pairs of 
small spines. Seventh pair of legs ha,·ing a few small spines on the 
propodus, but otherwise as in P. affinis. 
Lateral margins of the first, second, and third segments of the abdo-
men with the angles rounded; lateral margin of the third segment fur-
nished with a line of sev-eral submarginal, plumose setro near the ante-
rior angle, and behind them armed with five. large and acute spines 
directed backward, of which four are in pairs near thA middle of the 
margin, and one alone near the posterior angle; the posterior edges of 
the lateral expansions of all three of the segments furnished with a few, 
widely separated, plumose hairs. Peduncles of the first and second 
pairs of caudal st.ylets reaching to about the same point, a little beyond 
the extremity of the sixth segment of the abdomen; the outer rami 
slightly longer than the inner, aud ,those of the second pair of' stylets 
only a little shorter than those of the firE!t. Rami of the posterior caudal 
stylets longer than in P. ajfinis; the outer ramus rather more than 
twice as long as the peduncle, narrow, and tapering to an obtuse tip, 
both edges furuished with long plumose hairs, and the outer edge with 
a sharp 1>ine at the base of each hair. Telson slightly longer than 
b1 •· • cleft half-way to the base, and each lobe tipped with two short 
iuul · and a plumose seta. There are two of the peculiar papilliform 
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appendages on the sternum of the third, fourth, and fifth segments of 
the thorax, as in P. Hoyi, but apparently none upon the second. 
Length from the front of the head to the tip of the telson, 6 mm. 
Of this species, I have seen but a single specimen, which was dredged 
with the last species in Lake Michigan, in 40 to 60 fathoms, off Racinet 
by Dr. Stimpson, from whom it was received under the manuscript name 
of Gammarus jilioornis. 
This species differs remarkably from all the heretofore-known species 
of Pontoporei-nw, in the excessive elongation of the :flagella of the an-
tennulre and antennre, a character which might be regarded by some 
naturalists as of generic value. The very close agreement with P. affinis-
and Hoyi in all other parts of the animal, however, seems _to indicate a 
very close affinity with those species, especially the latter ; and as this 
one peculiarity is very likely only a sexual character of the old males 
.of the species, I retain the species in the genus. The mouth-appendages.· 
seem to agree perfectly with those of the species just mentioned. · The 
singular armature of the lateral margins .of the third segment of the 
abdomen is not peculiar to this species, but is almost exactly repeated 
in P. a.tfinis, P. Hoyi, and the marine species, already mentioned, from 
the Gulf of Saint Lawrence, and is probably ·common to the genus,,. 
although it seems to have been overlooked till no~. 
Family G .A.MM.A.RID.Ai:. 
GAMMARUS LIMN..:EUS Smith. (Plate II, fig. 6, lateral view; fig. 7,: 
dorsal view.) 
Gammarus lacustris Smith, American Journal of Science, 3d.series, vol. ii, p., 453, 
' 1871; and Preliminary Report on Dredging in Lake Superior, p. 1023, 1871. 
Eyes small, slightly elongated. Antennulre about as long as the 
thorax ; first segment of the peduncle about as long as the second and_ 
third together; :flagellum about twice as long as the peduncle, composed 
of about twenty-five elongated segments, furnished with.few and minute 
setre, or hairs; s~condary flagellum short, scarcely, if at all, longer than 
· the terminal segment of-the peduncle, composed of two to four seg- · 
ments, of which the terminal one is very short. Antennre as long as,. 
or a little shorter than, the antennulre; ultimate and penultimate seg-
ments of the peduncle nearly equal in length, naked above, and fur-
nished with a few short hairs, or setre, arranged in three or four small 
fascicles; flagellum considerably shorter, to nearly as l<Jng as the 
peduncle, composed of about twelve segments, fu~nished with a few 
short hairs. 
Legs of the first pair in the male with the carpus short, trian,gular; the. 
propodus a little less than twice as long as broad, much narrowed distally; 
the palmary margin slightly concave in outline, continuous with the 
posterior margin, with a narrow lamellar edge, and furnished with a 
few long hairs and with two ong, obtuse spines near the middle, and_ 
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three or four smaller ones on each side near the tip of the closed dacty. 
lus; the posterior margin beyond the tip of the dactyl us with a few hairs 
and several small, obtuse spines ; dactylus s-trongly curved and one-half 
as long as the propodus. In the female, the propodus is considerably 
smalter and proportionally shorter than in the male; the palmary mar-
gin is without the lamellar edge and without spines: except two or three 
long ones near the tip of the closed dactyl us; and the posterior marght 
is armed with several shorter spines and quite numerous hairs arranged 
in several fascicles. .Legs of the second pair in the male with the 
earpus a little longer than in the first pair; tlie propodus as long as in 
the first pair, slightly broadest distally, but the edges nearly paralle11 
and only slightly convex in outline; the palmary margin a little oblique, 
concave in the middle, with a broader ·1amellar edge than in the first 
pair, and armed on the outer side with a.long, stout, and obtuse spine 
near the middle, two or three smaller ones on each side.....:.usually two · 
on the outer side and three on the inside-at the tipt of the closed dac-
tylns, a few short hairs along the base of the lamellar margin, and a 
fasciele of long hairs at the base of the median spine; the posterior mar-
gin with about six fascicles of hairs. In the female,' the carpus and hand 
are considerably smaller than in the male ; the carpus is proportionaB.:, 
much more elongated than in the male, and fully as broad as the pro 
podus; the propodus is narrow, twice as long as broad, the edges nearly 
parallel, the palmary margin without the lamellar edge and without the 
Spine in the middle, straight, and very nearly transverse. 
Fourth and fifth segmeuts of the abdomen rounded above, an<l each 
armed with three fascicles of a very few small spines. Sixth segment 
with a fascicle of two or three spines each side, but no median fasciole. 
Inferior lateral margin of the first segment rounded, of the second 
and third produced posteriorly into an acute ·angle. Outer rami of the 
posterior caudal stylets narrow, with two or three stout spines on the 
proximal two-thirds of the outer edge; the inner edge without· spines, 
and both edges furnished with long hairs; the terminal segment short, 
tapering, and the edges, as well as the tip, furnished with long hairs. 
In~er rami narrow, not quite as long as the basal portion of the outer; 
both edges furnished with long hairs, as in tb.e outer rami, and the inner 
edge with two or three spines. Divisiol).s of the telson about as long as 
the peduncles of the posterior caudal stylets, and tipped with two or 
three short spines and a few hairs. 
Length, from the front of the head to the tip of the telson, 1511110 to 20111111 • 
Color in life, uniform obscure dark b.rawnish-green, without spots or 
markings of any kind. 
Dredged in Lake Soperior in abundance among Oladophora, in 8 to 
13 fathoms, on the south side ot Saint Ignace Island; also at Simmons's 
Harbor, on the north shore, in rn to 15 fathoms; and among the Slate 
Islands in 4 to 6 and 12 to 14 fathoms; taken also from the stomachs 
of trout caught in brooks near .Marquette, Mich. It is probably com-
FRESH-WATER CRUSTACEA OF THE UNITED STATES. 653 
mon in most or all the tributaries of Lake Superior, and very likely of 
many other of our nothern lakes and rivers.* The European species. 
alluded to below is said, by Dr. G. 0. Sars, to be the food of a variety 
of trout (Salmo punctatus) found among the higher moµ.ntains of Nor-
way, and our species probably serves a similar purpose in the waters 
which it inhabits. 
This species is very closely allied to the Gammarus neglectus of G. 0 .. 
Sars,t which inhabits the ~ak~s of Norway, and is apparently much 
like it in habits. Our species differs from the European in s_ome minor 
details, and is undoubtedly entitloo to be considered a distinct species. 
The name lacustris, which I first gave to this species, is pre-occupied as 
a synonym of the European species just mentioned. 
G.A.3IM.A.RUS F.A.SCI.A.TUS Say .. 
Journal Academy Nat. Sci. Philadelphia, vol. i, p. 374, 1817; (f)Bate, Catalogue--
Amphipodous Crustacea British Museum, p. 210, pl. 37, fig. 6, 1862. 
Secondary :flagellum of the antennulm as long as the second segment 
of the peduncle, and composed of five or six segments. Antennm fur-
nished with many more, and much longer hairs than in the last species. 
First pair of legs in the male much as in the last species; the palmary 
margin of the propoclus armed with the stout spine on the middle of 
the inner side, and with two or three smaller spines near the tip of the 
closed dactylus much as in that species, but there are no spines on pos-
terior margin proper. In the female, the propodus is only slightly nar-
rowed distally, and the palmary margin is not nearly· so oblique as in 
the male, or as in the same part ·of the female of the last species; the 
posterior margin furnished with several fascicles of pairs, but without 
spines, except a cluster near the tip of the closed dactylus~ Second 
pair of legs in the male very much as in the last species, but there_ are 
three or four spines on each side-usually four on the outside and three 
on the inside-near the tip of the closed dactylus. In the female, the 
second pair of legs are very much as in the female of the last species; 
but the carpus and propodus are not quite so elongated. 
Fourth and fifth segments of the abdomen slightly angulated dorsally 
at the posterior margin, and each armed with three fascicles of spine& 
considerably larger than those in the last species, and the median fas-
cicle on each segment raised on a distinct protuberance. Sixth segment 
with a median and lateral fascicles of spines. Outer rami of the poste-
rior caudal stylets with the terminal segment very narrow, styliform, 
and without lateral hairs. Inner rami with usually one or two spines 
"Since the above was written, I have examined sp~cimens of this species, collected 
by Hayden's expedition in 1873, in Colorado, from a cool spring, Fire-Hole Basin; and 
very large specimens from an elevation of 9,000 feet,· near Long's Peak;. It W3.8 also 
collected the same year by Dr. Cones, while on the Northern Boundary Commission. 
t Histoire Natarelle des Crnstaces d'Eau Douce de Norvege, te livraison, p. 46, pl. 
4, 5; pl. 6, fig. 1-20. . , 
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on the inn~r edge. Divisions of the telson with a spine and one or two 
hairs on the outer edge-as well as a few spines and hairs at the tip. 
Length, from the front of the head to the tip of the telson, 10mm to 
15mm. 
This species is probably common throughout the Northern States. It 
is alrundant in the fresh-water streams and ponds about New Haven, 
Conn.; Say's specimens were from near Philadelphia; Professor Verrill 
has collected it at Eastport, Me.; Mr. N. <Joleman, at Grand Rapids,. 
:Mich.; and Mr. J. W. Milner has found it in abundance.at Ecorse, Mich. 
Specimens collected at Madison, WPs., by Professor Verrill, aud at 
Waukegan, Ill., by Mr. Milner, are considerably larger thap. usual, and 
differ slightly in the number of spines upon the hands, but apparently' 
belong to this species. 
Fragments of a Gammarus from the stomachs of shad taken in the Dela-
ware River appea,r to belong to this species .. 
Y G.A.MMARUS MINUS Say. 
Journal Academy Nat. Sci. Philadelphia, vol. i, p. 376, 1818; B!l.te, Catalogue 
Amphipodous Crustacea British Museum, p. 221, 1862. 
I have not yet been able to rediscover this species, which is very 
likely not a true Ganimarus, and, as it seems to have given rise to much 
confusion, J quote the original description : "Body whitish, with a few · 
pale fulvous lateral spots; eyes renifo:rm, blackish, placed at the ex-
terior base of the superior autennre; superior antennre obviously longer 
than the inferior ones; seta [ secondary flagellum] short, attaining the 
tip of the second articulation of the terminal joint [flagellum;] terminal 
joint with about twelve articulations. Length, three-twentieths of an 
inch, [nearly 4mm.] Found in brooks under stones, and may be readilf 
discovered by taking a stone out of the water, and inspecting its inferior 
surface." 
According to Bate, specimens sent to the British Museum as this 
~pecies by Say, agree in no way with the description, and are described 
by Bateasaspeciesof .AJlorchestes,• although he quotes the" Gammaru, 
minimus Say," of White's List of Crustacea in the British Museum under 
Gammarus minus, while White must have had the same specimens which 
afterward became the types of the new species of "Allorchestes." The 
Gammarus niinus of DeKay (Natural History of New York, p. 37, pl, 9, 
fig. 29) is made up principally of Say's original description; but he ap-
parently had before him some other species, (probably small specimens 
of G.fasoiatus,) from which the rude attempt at a figure given in his work 
may have originated. 
R A..NGONYX GRACILIS Smith. 
American Jonrnal of Science. 3d series, vol. ii, p. 453, 1871; and Preliminary 
Report on Dredging in Lake Superior, p. 1022, 1871 • 
.Female.-Eyes slightly elongated, composed of a few black facets. 
• .A.. Knickerbockeri. Seep. 647. 
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Antennulre slightly more than half as long a:s the rest of the animal; 
:first and second segments of the peduncle snbequal, ultimate segment 
two-thirds as long as the penultimate; flagellum in full-grown specimens 
about once and a half as long as the peduncle, and composed of _about 
twenty segments; secondRrJ.fl,agellum about as long as the basal segment 
of the primary flagellum, slender, and composed of only two segments, the. 
terminal one very short. Antennre only about half as long as the anten. 
nulre; ultimate and penultimate segments of the peduncle elongated, sub-
equal in length; flagellum a little shorter than the peduncle, composed 
of seven or eight segments. Legs of the first and second pairs sub-
equal. 
Propodus in the first pair of legs nearly quadrate in outline, a little 
longer than broad; palmary margin -nearly straight, with a few small 
submarginal spines, each furnished with a cilium a little way from the 
tip; a similar stout spine near the posterior angle, and just at the angle 
itself two short, stout, obtuse, and serrated spines; dactylus stout, 
slightly curved, and armed with a slight tooth on the inside a little way 
from the tip, and with 'a slender, setiform hair near the middle of the 
outer margin. Propodns in the second_pair more elongated than in the 
first; the palmary m~rgin somewhat oblique, and without the short 
spines just at the posterior angle, but otherwise armed much as in the 
first pair. Fifth, sixtq., and ~eventh pairs of legs subequal in length; 
posterior pair slightly longest; tneir squamiform basal segments with 
the posterior margin serrate, and both margins armed with small spines, 
Postero-lateral angles of the first, .second, and third segments of the 
abdomen produced and termb1ating in a small tooth. Posterior caudal 
stylets reaching to the tip~ of the penultimate ; the outer rami nearly 
twice as long as the peduncle, and armed with a few slender spines; the 
inner rami rudimentary, very minute, shorter than _the diameter of the 
outer, and wholly unarmed. Telson scarcely as long as the bases of the 
posterior caudal stylets, slightly broader than long, and the posterior 
margin with a triangular emargination, either side of which the extrem-
ity is truncate, and armed with three spines. Length, 6mm to 7m;n. 
Male.-The largest males seen from Lake Superior ·are considerably 
smaller than the females, being about 5mm in length, and more slender. 
In the first pair of legs, the palmary margin of the pi'opodus is slightly 
oblique, and armed each side with a submarginal row of about eleven 
stout and obtuse spines, which are nearly equidistant from one ·:mother 
except at the posterior angle, where about five of them are crowded 
together, most of the spines with a notch and cilium a little way from 
the tip. In the second pair of legs the propodus is proportioi:ially • 
shorter than in the female, and increases considerably. in breadth dis-, 
tally, while the palmary margin is much more oblique, slightly arcuate 
. ' and armed each side with a row of about fifteen spines like those on 
the first pair, but not so much crowded together at the posterior angle. 
In other respects, the males resemble the females. · 
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Dredged .in Lake Superior, in company with G-ammarus limnre141 
among Oladoplwra, in eight to thirteen fathoms, on the south side of 
Saint Ignace Island. 
The incubatory lamellre of the female are very large, projecting much 
beyond the epimera of the anterior leg~, as in 0. recurvatus Grub4, 
(Archiv fdr Naturgeschichte, vol. xxxii, p. 410,pl. 10, fig. 1,) which our 
species much resembles in the form of the anter,.nulre, antennre, anterioit 
legs, &c., while it differs much in the posterior caudal stylets and in the 
form of the telson. 
A single specimen of a male Orangonyx, collected by Mr. J. W. Milner-
nan estuary of Lake Huron, belongs appar_ently to this species, but is 
very much larger, being 14mm in length, so that it is quite ·probablt 
that the specimens from Lake Superior are all young. This large spec-· 
imen, however, agrees in all ess~ntial features with the smaller ones. 
CR.A.NGONYX VITREUS Packard. 
T T Stygobromus vitreus Cope, American Naturalist, vol. vi, p. 422, 1872; Third and 
Fourth Annual Reports·ofthe Geological Survey of Indiana, p. 181, 1872. 
Crangonyx vitreus Packard, Fifth Annual Report 
0
of the Peabody Academy of 
Science, Salem, p. 95, 1873. 
Dr. Packard's specimens were from three different wells in Orlean&; 
Ind., and were collected by M. N. Elrod, who says that many of them 
were in and on buckets that had been in the bottom of the well for sev-
eral days. Professor Cope's specimens were from Mammoth Oave, Ken-
tucky, bq.t are described in such an unintelligible manner that it is very 
doubtful whether they belong to the same species, or even genus, as Dr. 
Packard's specimens. I have, however, followed Dr. Packard iu quoting-
Professor Cope's name as a synonym. 
CR.A.NGONYX TEN.UIS, sp. nov. 
A slender, elongated species, with very low epimera, resembling more 
in form the species of lliphagus than the typical species of Orangony:c. 
Eyes not observable in alcoholic specimens. Secondary fla.gellum 
of the antenulre very small, composed of two segments, of which the 
terminal is very short. 
First and second pairs of legs differing bnt little in the two sexes~ 
First pair stouter than the second, and with the palmary margin of the 
propodns much more oblique; the palmary margin of the propodus of 
both pairs, and in both sexes, armed each side with a series of stout, 
obtuse spines, with a notch and a cilium near the tip. 
First three segments of the abdomen longer than the last three of the 
thorax ; fourth, fifth, and sixth together scarcely longer than the third. 
Caudal styleta all extending to about the same point. First pair with 
the rami subequal, scarcely half as long as the peduncle. Peduncle in 
the second pair reaching a little beyond the peduncle of the first pair; the 
rami very unequal, the outer only half as long as the inner. Posterior 
pair scarcely as long as the telson; the single terminal segment very 
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small and tipped with four or five setiform spinules.' Telson two-thirds 
as br~ad as long, tapering very slightly toward the entire and slightly 
arcuate posterior margin, which is armed with· about ten slender spin-
ules. 
In the largest male seen, 13mm,5 in length, (excluding the antennre,) 
the antenuulre are about 5mm long; the flagellum being twice as long as 
the peduncle, and composed of about twenty-two segments, while the 
antennre are stout, fully 6mm long, and the flagellum _as long as the 
peduncle, and composed of fifteen segme'nts. All the females and most 
of the males which I have seen are much smaller, being 6mm to gmm in 
length, and in these the antennulre are longer than the antennre; and the 
flagellum of the antennulre is composed of sixteen to nineteen segments, 
while that of the antennre has only eight to ten. 
The only specimens which I have seen were found in wells at Middle• 
town, Oonn., and were sent to me by Mr. G. Brown Goode. 
ISOPODA. 
Family ASELLID1E. 
ASELLUS C0MMUNIS Say. (Plate I, fig. 4.) 
Journal Academy Nat. Sci. Philadelphia., vol. i, p. 427, 1818; Edwards, Hist. Nat. 
des Crust., vol. iii, p. 147, 1840; DeKa.y, Nat. Hist .. New York, Crust., p. 49, 1844 . 
..4.. vulgarisf Gould, Invertebrata. of Ma.ssachuse~ts, p. 337, 1841. , 
Head with the anterior margin nearly straight; external angles 
obliquely truncated; sides nearly parallel, with a small, prominent lobe at 
the posterior angle; hinder margin somewhat rounded and shorter than 
the anterior margin of the first thoracic segment. Ey,es near the middle 
of the lateral margin, oval, convex, with many facets. Basal segment 
of the antennulre cylindrical, much larger than the next two, which are, 
however, well marked as P.eduncul&r segm~nts; flagellum nearly equal-
ing the peduncle of the antennre. Antennre with ·three short -basal seg-
ments, which are together about equal in length to the fourth; last 
peduncular segment equal in length to the third and fourth together; 
flagellum mtich longer than the peduncle, extending, when bent back-
ward, about to the base of the abdomeu. Both antenna, and a~ten.nulm 
with scatter~d hairs, which are larger and stouter ori the pednncular 
segments. 
Thoracic segments increasing in· breadth posteriorly; all behind the 
first segment with the anterior angle produced and gradually turning 
m)re and more backward in the posterior segments. Epimera becoming 
conspicuous on the posterior segments~ whic~ have their lateral borderi 
emarginate and the posterior angles rottnded. Pleon (abdomen) sub-
orbicular, slightly excavated at the insertion of the caudal stylets and 
obtusely pointed between them, ciliate along the entire margin, as are 
"the head and the lateral borders of the thoracic segments . 
.Mandibles with conspicuous triarticulate palpi, of which the first seg-
S. Mis. 71-42 
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ment is clavate; the second on the external side gibbous, and furnished 
beyond the middle with a tuft of bristly hairs ; the third slender and 
tapering, finely and regularly ciliate along the external side, the cilia 
rather suddenly increasing in length at the apex. First segment of 
pal pus of the maxilliped ~hort; second with the exterior margin nearly 
straight, interior strongly rounded and densely hairy; third su btriangnl~ 
the external margin being nearly straight, the internal much curved and 
converging toward the outer, the distal articulation of the segment being 
less than half the length of its proximal articulation; fourth segment 
clavate; fifth less than half the length of the fourth. · 
First pair of thoracic legs in the male strongly chelate; the propodus 
much enlarged and subglobular, with a -prominent acute tooth, and a 
smaller lobe on its palmary margin; dactyl us with a tubercle at the base, 
an emargination near the middle, ancl a small acute spine at the end; 
.carpus small and triangular. In the remaining pairs of legs, the carpus 
and propodus are of about equal length and movably articulated; the 
posterior three are much larger than the others; and the fourth pa,ir 
has a spiny tubercle on the propodus. · 
First abdominal segment in the males fu~nisheu with two pairs of 
appendages; the outer pair composed, on each side, of a small sub~ 
q uadrate plate, to the extremity of which is articulated another some-
what larger -plate of similar shape. The inner or upper pair compose4 
of a robust, suboval basal portion on each side, bearing at its extremit3 
two rami; the inner ramus irregular in shape, cylindrical, bent, and 
tapering to a blunt extremity; outer ramus b~articulate; pro.ximal seg-
ment short, expanding distally, and bearing a small, obtusely ovate 
plate, which is ciliate near the extremity. The corresponding segment 
in the female bears a pair of short narrow plates, which meet each other 
along their inner, straight margins, and are obliquely rounded and 
ciliate at their extremity. Outer plates of the next pair of abdominal 
appendages thickened, and forming an operculum for the. branchioo. 
Tliese opercular plates, as taken togeth_er, are orbicular in outline, and 
broadly truncated at the end. Hach plate is divided by a slightly 
oblique suture into two unequal portions; the distal portion being abo11t 
twice as large as the proximal. 
Posterior pleopoda, ·or caudal stylets, flattened, ciliate; proximal seg-
ments expanded from the base, obliquely truncated at the extremity ; 
rami narrowly ovate, pointed, the inner about twice as long as the 
outer. The flattening of these appendages is more conspicuous in the 
adult males. 
Length,exclnding antennre and caudal stylets, 15mm; breadth, 5mm. 
Above brown, spotted, and mottle(l with yellowish. 
This species is common under stones in streams and pools about New 
Haven, Conn. It is mentioned by Dr. Gould as common in Massachu-
setts in similar situations, and by Mr. Say in the neighborhood of Phil .. 
adelpbia. It has also been collected, by Mr. N. Coleman, at Grand 
Rapids, Mich. 
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ASELLOPSIS Harger. 
American Journal of Science, 3d series, vol. vii, p. 601, 1874. 
The genus Asellopsis, which was prop1)sed for the reception of Asellus 
tenax Smith, differs from the genus Asellu,s in the absence of mandibular 
palpi. The presence of these palpi has been heretofore regarded as 
characteristic of the family to which both the genera undoubtedly 
belong. 
ASELLOPSIS TEN.AX Harger. (Plate I, fig. 3.) 
Asellus tenax Smith, American .Journal of Science, 3d series, vol. ii, p. 453, 1871; 
and Preliminary Report on Dredging in Lake Superior, p. 1023, 1871. 
Anterior margin of the head broad, excavated for the bases of the 
antennnlru; external angles rounded; margin expanded with a large, 
rounded sinus on a line with the eyes; behind this the margin expands 
into a rounded lobe. The posterior margin of the head is broad and 
rounded behind, adapted to the first thoracic segment. Eyes of more 
than twenty facets, considerably within the margin of the head, oval or 
somewhat reniform. Antennre about half as long as the body, sepa-
rated from each other at the base by about half their diameter; first 
three segments shorter than broad, of about equal length, successively 
decreasing in diameter; fourth segment as long as the first three, cylin-
drical ; fifth or last peduncular segment as long as the third aud fourth 
together, slender, slightly clavate; flagellum of about thirty segments. 
Immediately exterior to the base of the antenna is a prominent tubercle, 
tipped with a few short bristles. Antennulre with the basal segments 
large and swollen, about equal in diameter to the fourth segment of the 
antennrn; second segment slender, slightly clavate, about attaining the 
end of the third segment of the antennre; third or last peduncular 
segment small and slender, less than half the length of the second 
and similar to the segments of the flagellum, which are usually five in 
number, the second being longest. 
First thoracic segment concave forward, as is also the second in a iess. 
degree; third about straight posteriorly ; last four slightly curved in 
the opposite direction. Pleon narrowed posteriorly, obtusely rounded 
at the end. The margins of all the segments, as well as the pleon and 
the head, are ciliate; the cilia being more abundan't along the external 
margins of the segments. 
Left manuible with two dentigerous lamellrn; molar process trµncated 
nearly at right angles; right mandible with a single dentigerous lamella ~ 
the molar process obliquely truncated. Palpus of the maxilliped with the 
first segment short, nearlycylindrical; second segment suborbicular, with 
about five cilia along the external margin and twenty along the internal. 
Cilia much fewer than in A. commu~is; third segment truncate-oval in 
outline, somewhat broader than long, ciliate; fourth segment cylindrical, 
or somewhat clavate, less than half the diameter of the third ;. fifth oi: 
last segment about half as long as the penultimate. 
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First pair of thoracic legs chelate; carpus small, triangular, and 
closely united with the propodus, which is thickened in the male, with a 
broad, low tubercle on the inner margin a little above the base; dactyl us 
more than half as long as the propodus, its ,palmary edge armed with 
spines, of which the distal ones are the larger, and at· the end with a 
large spine; carpus and propodus in the remaining six pairs of legs of 
about equal length, movably articulated, and armed with acute spines 
along their posterior edges; dactyl us much less than half as long as the 
propodus, armed with spines along the posterior margin, and biunguicu, 
late at tip. Three proximal segments similar in all the legs, the first 
being longest, and the third short and triangular, or quadrant-shaped. 
The first abdominal segment is furnished, in the males, with two pairs 
of appendages, of which the outer is composed · of a small oval plate, 
with a few articulated spines along the inner border, and articulated at 
its extremity with a larger and_ longer plate, which is expanded along 
its outer border, and ciliate along its exterior and distal margin. The 
inner or upper pair of appendages consists, on each side, of a robust 
quadrate plate, to the distal margin of which two biarticulate rami are 
·attached. The inner ramus has its proximal segment short, much 
,expanded, but not in the form of a hook, as in A. a,quaticus as figured by 
Sars;• its terminal segment is pear-shaped, as in that species. The 
outer ram us has its proximal segment also expanded and triangular; 
the distal segment quadrate and ciliate externally and distally. 
The corresponding abdominal segment, in the females, with a single 
pair of plates, which are subquadrant-shaped but broader than long, 
with their inner margins straight and meeting each other on the 
median line. Outer plates of the next pair of abdominal appendages 
thickened, and forming an operculum covering the remaining branchial 
plates. These opercular plates are semi-ovate, truncated at the extrem-
ity, straight on the inner side, and meet along the median line. They 
are each divided into two very unequal portion_s by a suture, running 
from near the end of the inner straight margin, diagonally across the 
plate, to a point on the outer curved margin about one-third of the way 
from the base to the apAx; the distal portion is thus much the smaller. 
Posterior pleopoda, or caudal sty lets, slender; proximal segment 
.somewhat larger than the fourth segment of the antennoo, cylindrical, 
.as are the two rami, of which the outer is only half as long as the innet. 
Length, excluding antennoo and caudal stylets, 81nm to 13mm. 
Color above dark-fuscous, spotted, and mottled with yellowish. 
Common among Oladophora, in 8 to 13 fathoms, on the south side of 
the island of Saint Ignace, also in 4 to 6 fathoms at the eastern end of 
that island, and in 6 to 8 fathoms among the Slate Islands in Lake 
Superior; and since collected by Mr. J. W. Milner on algoo drifted into 
net 30 fathoms, Thunder Bay, Lake Huron. 
• • Hi toire Naturelle des Crastac6s d'Eau Douce de Norvege, 18 livraison, pl. x, ftg. 
l , } 
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Mr. Milner bas also collected at Ecorse, Mich·., on .the Detroit Rive~, 
specimens probably of this species, ~ut differing from the form above 
described as follows: The flagellum of the antennulre contains one · or 
two more segments. The lateral portions of the head and segments of 
the body, especially in fully adult .,specimens, are expanded so t,hat the 
outline of the animal is a broader oval. The open sinus in the lateral 
margin of the bead is a narrow incision, ronnded at the bottom, but with 
the sides sometimes meeting. The propodus in the first pair of legs is 
nearly as much enlarged in the males as in .A. oommun.is, and is armed on 
its palmary margin with three acute teeth, of which the middle one is 
the largest. 
I propose the variety-name· dilata for this form, although inclined to 
regard it as the more typical form of the species, which was, however, 
first described from the less perfectly developed specimens found in 
Lake Superior. 
CJEOIDOTE.A. STYGIA Packard. 
American Naturalist, vol. v, p. 751, :figs. 132, 133, 1871; Filth Annual Report Pea~ 
body Academy of Science, Salem, p. 95, 1873. 
Vwcidotea microcephala Cope, American Naturalist, vol. vi, p. 411, figs. 109, 110, p. 
419, 1872, and reprinted in Third and i'ourth Annual Reports of the Geological 
Survey of Indiana, p. 163, 1872, (teste Packard;) Smith,· American Naturalist, 
vol. vii, p. 244, 187:l. 
Found in Mammoth Cave, Kentucky; Wyandotte Cave, Indiana; and 
from wells at Orleans, _Ind. .,. 
I have bad no specimens of this species for examination, but, as Pro-
fessor Packard suggests in bis last paper, it is evidently very closely 
· allied to Asellus, and has no affinity with Idotea. Professor fackard 
was at first misled by having only a single specimen and that one hav-
ing lost the caudal stylets. Professor Oope figures and describes his 
specimens as hawing external "egg-sacs" attached to the tip of the 
abdomen. These egg-sacs undoubtedly really belonged to some Ento-
mostraoan, and probably to the parasite of the blind fish from the same 
· cave. Professor Packard says they were the caudal stylets mistaken 
for egg-sacs by Professor Cope, but this seem~ impossible, as they are 
figured and described as short, broad sacs filled with spherical bodies. 
B-THE CRUSTA.CE4-N PARA.SITES OF THE FRESH-WATER 
FISHES OF THE UNITED STATES. 
Scarcely anything has as yet been published upon the crustacean para-
sites infesting our fresh-water fishes, and the principal object of the 
following partial synopsis is to call attention to the subject, and furnish 
a basis for future investigation, which is of special practical importance 
to all those engaged in raising fishes confined in ponds or other re« 
stricted areas. · 
The few species here enumerated are doubtless only a small fraction. 
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of those which really prey upon our common fishes. The species are 
usually not conspicuous, and are yery likely to be ovArlooked by or-
dinary observers. The Lernreans, which include the commonest and by 
far the most injurious species, may be attached to any part of the fish, 
and should be specially looked for upon the gills · and about the gill-
openings and throat. It is important that specimens should be collected 
in large numbers for study. For this purpose, they should be preserve\\i 
, while quite fresh, in small bottles of alcohol or other strong spirit. 
Family ARGULID.,E. 
ARGULUS CAT0S1'0MI Dana and Herrick .. 
American Journal of Science, 1st series, vol. xxx, p. 388, 1836, and vol. xxxi, p. 297, 
plate,1837. · 
Paraeitic on the'' sucker," a species of Oatostomus, in Mill River, near 
New Haven, Conn., in both fresh and brackish water. 
Argulus Funduli Kroyer, (Bidrag til Kundskab om Snyltekrebsene, 
p. 20, pl. 2, fig. l, 1863,) should, perhaps, be included in this list, as it is 
described as found upon Fundulus lirnbatus Kroyer, from New Orleans,. 
but it is not stated whether from salt or fresh water. 
Family CALIGID.,E. 
LEPEOPHTHEIRUS SALM0NIS Kroyer. 
Caligus Salmonis Kroyer, Naturhistorisk Tid'sskrift, vol. i, p. 622, 1837, vol. ii p. 
13, 18, pl. 6, fig. 7, 1838; Edwards, Hist. Nat. des Crustaces, vol. iii, p. 455 ; 
Steenstrup and Liitken, Bidrag til Kundska.b om det aabne Ha.vs Snyltekrebs 
og LerniBer, p. 15, 1861. 
CaUgua vespa Edwards, op. cit., vol. iii, p.456. 
Lepeoptheirus Stromii Baird, British Entomostraca, p. 274, pl. 32, figs. 8, 9, 1850. 
Lepeophtheirus Salmonis Kroyer, Bidrag til Kundskab om Snyltekrebsene, p. 137, 
pl. 17, fig. 1, in Naturhistorisk Tiusskrift, III, vol. ii, 1863. 
Parasitic on the salmon of our eastern coast and of Euro·pe. It is 
perhaps more properly a marine than a fresh-water species, but is car-
ried by the salmon far up the fresh water rirnrs. 
Ergasilus .Funduli Kroyer, (Bidrag til K11ndskab om Snyltekrebsene, 
pp. 228, 238, pl. 11, fig. l, 1863,) from Fundulus limbatus Kroyer, from 
New Orleans, is perhaps to be added to this list. 
Family LERN.,EOPODID.Ai:. 
ACllTHERES PIMEL0DI Kroyer. 
Bldrag til Knudskab om Suyltekrebsene, pp. 272,275, pl.17, fig. 5, 1863. 
Upon a specimen of Pimelodua maculatua, from Uincinnati, according 
to Kroyer, from whose work I translate the following diagnosis: "Arms, 
by which the animal is attached, much longer than the head, slender, 
nearly straight; bulla (tbe extremity of the united arms) very small, 
eessile. Body annulated into five segments, and marked with two dor-
·1 , longitudinal sulcations. External ovaries equaling or exceeding the 
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length of the animal, slender, linear 1, provided with ahout twenty series 
of eggs longitudinally, and two, or at the most three, transvers(.'lly."_ · 
ACHTHERES LA.CJE Kroyer. 
Op. oit., pp. 27 4, 275, pl. 17, fig. 6, 1863 
This species is described by Kroyer from a'' North-American species 
of perch, (Perea Laoa,)" and should probably be included in this list· 
The following is a translation of the diagnosis : ,~ .Arms, by which the . ,,. 
animal is attached, scarcely or a little· longer than t,he head, stout, ar-
cuate; bulla distinctly petiolate. Body neither annulated nor longitu-
dinally sulcated; external ovaries much shorter thau the animal, about 
equaling the body; stout, obclavate, filled with about twelve series of 
eggs Jongitudinally, and transversely, with four anteriorly, three in th'e 
middle, and two posteriorly." 
LERN;JEOPODA FONTINALIS, sp. nov. (Plate III, fig. 12, lateral and 
dorsal views; figs. 13 and 14, details.) 
.Female.-Head nearly as long as the body, and longer than broad~ 
Body, short and thick, not very much loQ.ger than broad. Prehensile 
hooks (fig. 14r a) stout, nearly half as long as the head, with a small 
papilliform process on the inside of the penultimate segment; terminal 
segment rather slender, tapering, straight to near the tip, which ·is 
suddenly curved backward, and terminating in an acute point. Arms 
by which the animal is attached nearly or quite as long as the body; 
bulla with an elongated petiole, and broadly expanded at the extremity; 
o,ra-sacs as long as or a little longer than the body, with three or four .,, 
series of eggs transversely, and ten to twenty longitudinally. 
Entire length, from mouth to extremities of ova-sacs, 5mm; diameter 
of body, 1 mm.5; length of ova-sacs, 2mm; diameter of ova-sacs, Omm. 75. 
This species is apparently allied to the L. carpionis of Kroyer, ( op. cit., 
p. 277, pl. 14, fig. 4,) and seems to belong to this genus as understood 
by Kroyer. In our species, the antennuloo (fig. 13, o) are very short and 
small processes, not reaching beyond the mouth. The antennoo (fig. 13, 
d) are large, and extend as far forward as the mouth; and each one is 
divided at the extremity into three iobes, of which the median lobe is 
again minutely bilobed, or obscurely forcipulate, while the lateral ones 
(dorsal and ,,.entral in relation to the animal) are armed with numerous 
minute hooks, and on the outer side, just below the tip, there is another 
similar lobe armed with minute hooks. The palpi-like appendages (fig. 
13, b) on each, just below the mouth, are each tipped with three papilla.-
like looes. Tue mandibles (fig. 14, b) are each armed with four stout 
distal and three much smaller proximal teeth. 
Found upon the brook-trout, ( Salmo fontinalis,) at Norway, Me., in the 
trout-breeding establish·ment of Mr. A. B. Crockett. The specimens 
were all attached to the gills, and were apparently the cause of the 
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death of the fish on which they were found. It is probably a common 
and widely-distributed species. 
I hn.ve considerable hesitation in referring this and the next specie& 
to the. genus Lernreop(!da, which is usually restricted to parasites of 
marine or partially marine fishes. Our species certainly do not agree 
generically with the typical species of .A.chtheres, described and figured 
by Nordmann, while they seem to agree '.7'ery well with species of Lernm,, 
opoda described by Kroyer. It is possible our species may belong to 
Basanistes, but in all externaJ characters they seem to differ widely. In 
fact, the species of this group have many of them been so poorly 
described that it is very difficult to make out what the characters of 
genera really are. · The European species, upon which most of the genera 
are based, need careful revision. 
LERN.lEOPODA SISC0WET, sp. no·v. (Plate III, fi.g.15, fig.16, details.) 
.Female,-Head not more than half as long as the body. Body short, 
but little longer than wide, semi-annulated by three or four obscure con-
strictions on the ventral side, and the posterior extremity extending 
only slightly beyond the bases of the ova-sacs. Prehen~ile maxillipeds 
fig. 16, b) proportionally smaller than in the last species~ the penulti-
mate segment with a process· upon the inside terminated l>y two small, 
papilla-like appendages, (fig. 16, b' ;) the terminal segment regularly 
curved from the base to the acute tip, and armed on the under side 
near the tip with a spinous prominence. Arms about as long or con-
siderably longer than the body, slender, nearly straight; bulla, with 
a distinct petiole and a broadly-expanded margin. Ova-sacs longer 
than the head and body together, linear, with twenty to thirty lougi-
tudinal and ahout four transverse series of eggs. 
The antennnlre are a little longer than in the last species, and 
the antennre and palpi are quite similar to the antennre and palpi of 
that Hpecies. The mandible, (fig. 16, a,) on one side, at least, is broad 
toward the base, and is armed with four stout distal, and one, or possi-
bly two, small proximal teeth. 
Entire length of a specimen, from mouth to extrea,.ities of ova-sacs, 
13mm; length of body, 5mm; diameter of body, 3mm.2; length of ova-sacs, 
8m111 .3 ; diameter of ova-sacs, 1111111 .2. 
This species wa.13 found upon the siscowet (Salmo aisoowet) at Outer 
Island, Lake Soperior, by Mr. J. W.Milner. 
LERNJE0P0DA. (t) OOBEGONI, sp. nov. (Plate III, :fig. 17.) 
Head more elongated than in the preceding species. Body elon -
gated and with some obscure indications of annulation, due perhaps 
to contraction in alcoholic specimens. The prehensile maxillipeds 
, t· • _11, a) reaching nearly as far forward as the mouth; the basal 
portion very stout; the terminal portion slender, cylindrical, flexible, 
and armed at the extremity with a minute, strongly-curved book, 
fig. 17, a'.) Arms slender, but shorter than the body; the bulla with 
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a short but distinct petiole. Ova-sacs nearly as long as or considerably 
longer than the body, linear, with three or four transverse and eighteen 
to thirty-five longitudinal series of eggs. 
The antennulre are much longer than in the species 'just described, 
extending fully a.s far forward as the mouth. The antennre are propor-
tionally rather larger than in either of the species here described, but 
are similar to them in structure. The palpi are small, and each one is 
terminated by two minute, papilla-like appendages. The mandibles 
(fig. 17, b, c) each have four stout distal teeth, besides a smaller terminal 
one, which is nearly obsolete ou one mandible and conspicuous on the 
other, and three small proximal teeth on one and two on the _other. 
Entire length of a specimen, from mouth to extremities of ova-saos, 
13mm; length of body, 5mm.5; diameter of body, lm"',8; length of ova-
sacs, 6mm; diameter of ova-sacs, 1 mm. 
Found by Mr. J. W. Milner on the white-fish (Oo-1regonus albus) at 
Ecorse, Mich., and at Outer Island, Lake Superior. · 
This species is probably not a true Lernmopoda, and is perhaps the · 
representative of an undescribed genus. 
CAUL0XENUS STYGIUS Cope. 
Proceedings Academy Nat. Sci. Philadelphia, 1871, p. 297; American Naturalist 
vol. vi, pp. 420, 412, tlgs. lll-lt"3, 1872, and reprmted .in Third and Fourth 
Annual Reports of the Geological Survey of Indiana, pp. 175, 164, 1872; Pack_ard 
Fifth Annual Report Peabody Academy of Science, Salem, ~- 94, 1873. 
This is a peculiar lernrean, described by Professor Cope as parasitio 
on the blind fish (Amblyopsis) of Wyandotte Cave, Indiana; also from 
a cav.e in Bradford, Orleans Comity, Ind., according to Professor Pack-
ard. According to Professor Cope, it is allied to Achtheres· and Lernre• 
opoda, although the arms by which the animal is attached are united 
for their whole length, and it is stated that it " is not a sucker or 
devourer of its host, but must feed on the substances which are caught 
by the blind fish and crushed between its teeth" I 
Family LERN.lE0CERID.lE. 
LERN.lE0CERA CRUCIATA Lesueur. 
Lern~ocera oruoiata Lesueur, Journal_ Academy Nat. Sci. Philadelphia, vol. iii, 
286, pl. 11, fig. 4, 1824; Edwards, Hist. Nat. des Crnstaces, vol. iii, p 527. 
Lernea m·uaiata DeKa.y, Nat. Hist. of New York, Crustacea, p. »9, 1844. 
On Oent1rarchus ceneus in Lake Erie, according to Lesueur. 
LERNJE00ERA CAT0ST0MI Kroyer. 
Bidrag til Kundskab om Snyltekrebsene, p. 321, pl. 18, fig. 4, 1863. 
Described by Kroyer as _found in the Mississippi Riv~r, at Saint Louis, 
on Oatoston_ius macrolepidotus, and so is very likely to be ,ound much 
farther north and east. 
Another species is described by Kroyer, (L. Pomotidis, op. cit., p. 323, 
pl. 15, fig. 5,) from a species of Pomotis taken at New Orleans. 
XXVI.-SYNOPSIS OF THE NORTH AMERICAN FRESH-WATER 
LEECHES. 
BY A. E. VERRILL. 
The leeches are related to the fisheries in three ways. Some of the 
large blood-suckin.g sp·ecies, like Macrobdella decom and the species of 
Hfrudo, attack many fishes directly, even '":hen of considerable size,. 
and destroy them very quickly by sucking their blood; and the specie'$ 
of lcthyobdella and Oystobranchus are true parasites of fishes, and often, 
when numerous, do them. much injury. Other kinds, like the various 
species of Olepsine, Nephelis, A ulastomum, &c., destroy all sorts of small 
mollusks and worms, which otherwise might become the food of fishes. 
But, on the other hand, certain kinds of leeches are fed upon, to some 
extent, by the lake white-fish and probably by other fishes. 
In a paper published in February, 1872, I gave a synopsis of all the 
North American fre_sh-water leeches then known to me. Since that 
time, however, I have had opportunities to examine numerous living 
specimens of most of the described species, and have been able to 
study the variation·s more fully, and thus to improve many of the 
descriptions. A few new species and marked varieties have also been 
added to the list. I have also had opportunities to examine the various 
collections of leeches obtained from the great lakes by Mr. J. W. Mil-
ner while engaged in the investigation of the fisheries; by Mr. Oscar 
Harger and Mr. T. M. Prudden while on the Yale scientific expeditions 
to the Rocky Mountains in 1871 and 1873 ; by Dr. Josiah Curtis, Dr. 
B. C. Yarrow, and B. W. Henshaw, while on the surveys west of 
the one-hundredth meridian, under Lieutenant Wheeler; by Dr. Elliott 
Ooues, on the northwest-boundary commission; and by Dr. Hayden's 
expeditions. These collections have afforded many facts of great inter-
est in relation to the geographical distribution of the species, although 
they have added but few new forms to those previously known. 
In order to facilitate the identification of the genera, the following 
artificial key has been prepared. It is intended to apply only to the 
genera included in t,he present paper. 
Analytical key t<> tke genera of American leeches described in the following 
article. 
a. Bead&pering, continuous with the hody,(b :) 
aa. Bead dilate,1; neck constricted, (k :) 
b. Ocelli marginalin a curved line; no proboscis, (o:) 
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b b. Ocelli in one to four pairs along the median 
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line; an exsertile proboRcis ......•..•..... Olepsine, (p. 677.) 
b b b. Ocelli none; no proboscis .. . ... : ......... Liostomum, (p. 688.) 
o. <Esophagus with folds, and armed with three 
convergent jaws, (d:) 
o c. <Esophagus with folds; no jaws, (/ :) 
d. Jaws with denticles, (e :) 
dd. Jaws without denticles .......... ~ ...•... . Demooedes, (p. 671.) 
e. <Esophagus with 9 folds; jaws prominent . . 2Jfacrobdella, (p. 667.) 
e e. <Esophagus with 12 folds; jaws small ..... . Aulastomum, (p. 670.) 
eee. <Esophagus with 6 folds; jaws broad .....• Hirudo, (p. 688.) 
f. Folds, 1~; 3 transverse lobes ; ocelli, 8 or 10. Semisoole:c, (p. 671.) 
ff. Folds, 6; 3 transverse lobes; ocelli, 10 .... Hexabdella, (p. 672.) 
ff/. Folds, 3; no transverse lobes; ocelli, 6 or 8, 
(g:) 
g. Body distinctly dilated and fl.at posteriorly; 
ocelli, 8 ..............................•. N ephelopsis, (p. 673.) 
gg. Body not much dilateil posteriorly; sub-de-
pressed; ocelli, 6 or .8 ..•......•........ . Nephelis, (p. 675.) 
h. Body subterete; no lateral appendages, (i :) 
h h. Body somewhat depressed; a row of pulsat-
ing vesicl~s along each side .............. Oystobranchus, (p. 685.) 
i. Head obliquely attached, dilated; margins 
not fringed. . . . . . . . . . . . . . . . . . . . . . . . . . . . lchthyobdella, (p. ·686.) 
ii. Head campanulate; margin fringed with mi- · 
nute bristles ....••.•..............••.. . Astacobdella, (p. 688.) 
MA.CR0BDELLA. Verrill. 
American Journal of Science, vol. iii, p. 137, 1872. 
Body strongly annulated, stout, broad, depressed throughout, taper-
ing but little. Cephalic lobe large, rounded in front, composed of five 
segments, its lower surface rugose with longitudinal sulcations, and at 
the base having a transverse fold, which forms sockets for· the protec-
tion of the maxillm when retracted. Maxillre three, stout, and promi-, 
neut, the outer edge denticulate, with numerous acute teeth. Nine pli-
cations within the msophagus. Stomach voluminous, divided into 
several compartments, with very large and irregular dilations or pouches, 
on each side. Ocelli 10. Male orifice of the typical species in the 
twenty.seventh• segment behind the mouth; vulva between the thirty-
first and thirty-second . . Anal opening dorsal, in advance of the pos-
terior sucker. 
This genm; has a remarkable combination of the characters of several 
diverse genera. It bas, like Bdella, sulcations on the cephalic lobe · 
beneath ; maxillre similar to those of Hirudo, but more prominent; a 
plicated msophagus, similar to tha~ of A.ulastomum; a stomach mo~t 
. . ' ,. .. . 
* Leidy sa.ys that the male· orifice-·perfora.tes .the twenty-fifth annulus, but he appa-
rently excludes the buccal segment from his count. 
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like that of Hmmopis; internal reproduetive organs similar to those of 
· Hirudo; while the external male organ is more like t,hat of Hmmopia, 
The genus differs from all the others, however, in the situation of the 
genital orifices, in the form of the maxilhe, the number of plicatioM in 
the msophagus, ·&c. It includes one of the stoutest, largest, and most 
powerful of the leeches hitherto described. 
MAOROBDELLA DECORA Verrill. 
American Journal of $cience, vol. iii, p. 138, fig. 14, February, 1872. 
Hirudo decol'a Say, Long's Second Expedition, vol. ii, p. 268, 1824; Diesing, Sys-
tema Helm., i, p. 474; Leidy, Proc. Phil. Acad. Nat. Sci., 1868, p. 230. 
Body large, stout, broad, considerably depressed throughout; in exten-
sion much el<:mgated, and gradually tapering anteriorly; strongly annu-
lated. Length of the larger specimens twelve inches or more; greatest 
breadth upward of au inch. Head rounded in front, the cephalic lobe 
capable of considerable dilation, consisting, apparently, of five segments. 
Ocelli, 10: the first pair between the second and third segments ; the 
second on the third; the third on the fourth; the fourth pair on the 
sixth, or buccal; and t,he fifth on the ninth segment, or fourth behind 
the mouth. Cephalic lobe rugose and wrinkled beneath, and with con-
spicuous longitudinal sulcations, of which three, corresponding with the 
ma.xillm, are deepest; posteriorly with a conspicuous semi'circnlar fold, 
surrounding and partially concealing the maxillre when retracted into 
their fossre. Maxillre thick, very prominent, higher than broau; outer 
edge rounded in front, and finely and closely deuticulate. Below each 
maxilla, in the msopbagus, is a broad plication or fold, which often 
divides into two a short distance beyond; alternating with these are 
three simple narrower folds, making six. or nine in all. External male 
organ prominent, stout, conical; the broad wrinkled base rising from the 
twenty-fourth to the thirtieth segments; the terminal portion smoother, 
with six suleations; the orifice small, with six lobes, opening in the 
twenty-seventh segment. 14.,emale orifice also with small lobes, sur-
rounded by a slightly elevated area, formed upon the thirty-first and 
thirty-second segments; posterior to these, there are four conspicuons 
rugose elevations in a quadrangle on the thirty-sixth to the thirty-eighth 
segment, and smaller ones on the thirty-ninth segment, with less marked 
ones on two or three of the previous and following segments; corre .. 
&ponding to these rugosities, there are well developed internal glands. 
The reproductive organs are here described from preserved specimens, 
of large size, taken in the breeding season, in spring. At other seasons, 
and in smaller specimens, these characters are not so obvious. Acetab-
ulum large, separated from the body by a well marked constriction. 
Color above, dark livid brown, or olive-green, with a median dorsal 
row of about 20 to 22 bright or pale red spots, which are sometimes 
obaoletie, and a row of roontled bl~ spots near each margin, corre-
apondiog in number, and nearly in size, with the red oues. Lower sur-
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face bright or dark orange-red, or reddish brown, sometimes with black 
spots near the margins. 
This species is very common, and widely diffused in the fresh wate~s 
of the Northern United States. Its range northward and southward 1s 
unknown. It is the only true blood-sucking leech known to me from 
the Northern States. It is capable of drawing blood from the human 
skin, but ordinarily subsists upon fishes, frogs, aud tadpoles. It ofte~ 
attaches itself to the throat, and speedily kills them, even when of con-
siderable size. It is frequently used instead of the imported-leeches by 
physicians, and is equally efficacious. · . 
Vermilion River--Say; Norway, Me.; in many lakes and streams m 
other parts of Maine; and in streams and ponds near New Haven-A. 
E. Verrill ; Minnesota-Dr. !Jeidy ; Madeline Island, Lake Superior-
J. W. Milner; Smoky .l~ver, Kansas-0. Harger. 
Subgenus PHILOBDELLA Verrill. 
I 
The remarkable characters of the reproductive organs in the following • 
species entitle it to at least subgeneric rank. The jaws also differ con-
siderably from those of the preceding species, and it 1nay be hereafter 
necessary to make it a distinct genus. 
:MA.OR,OBDELLA. FLORIDA.NA Verrill, sp. nov. 
Body much depressed, except near the head; in preserved specimens 
about 1.5 inches long, and 0.28 of an inch wide. Ocelli, ten, small; the 
first two pairs are near together, on the front of head, apparently on the 
first segment; tbe third pair is on the second segment ; the fourth ~son 
the fourth; and the fifth pair is on the seventh segment, or fourth poste-
rior to the mouth. The anterior lip is, in the preserved specimens, 
short, broadly rounded, and incnrved ; the lower surface longitudinally 
suloated, with a thin, elevated, transverse fold posteriorly, in aclvance of 
the jaws, behind which they can be retracted. Jaws, or maxillre, small, 
but prominent, about as thick as broad, scarcely C()mpressed, except 
close to the blunt edge, which is armed with about twenty acute teeth. 
(Esophagus with nine distinct folds, some of which are occasionally par-
tially divided posteriorly. Acetabulum rather small. . Iu ordinary spec-
imens, the visible external reproductive organs consist of a small orifi.c~ 
(male f) between the twenty-eighth and twenty-ninth segments; and an 
elevated conical papilla (female 1) arising from the twenty-ninth and 
thirtieth segments, and followed by about three pit-like depressions. 
But two specimens, taken and preserved while in ooitu, have an eutirely 
different appearance. In these, there is a large orifice,. probably the 
true male opening, a{Jparently in the twenty-eighth segment behind the 
month. Just in front of this, on the twent.v-sixth and twenty-seventh 
segments, there (Ire two small lunate, median pits or openings, with 
raisoo borders; and just behind iJ;, on the twenty-ninth segment, ·there 
is a larger trans¥ersely-bilobed orifice, or deep pit. These four open-
ings are surrounded by a raised area, s~mewhat circular in form, on 
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which there are several small raised verrucoo, five or six on each side of 
the median line. The parts described appear to belong to the male 
system of organs, and have their exact counterparts in the female sys-
tem of organs farther back. These consist of a large, obtuse, prominent 
central papilla, at about the thirty-first segment, having what appears 
to be the true female orifice at its concave summit; just posterior tothis, 
there are two slender, median papilloo, bilobed at·the end, corresponditlf 
in size and form with the two pits in front of the male orifice; just in 
advance of the large papilla, on the thirtieth segment, there is a shorter, 
transversely-bilobed papilla, agreeing in form and size with 'the pit just 
behind the large central male orifice. These female organs are also sur-
rounded by a swollen area, on· which there are several small rounded 
depressions, corresponding in size and number to the small verrucre on 
the male area. The two specimens are alike in all these arrangements, 
and were firmly united, head to head, by means of the organs, which 
were inserted into the corresponding sockets, which act, therefore, some-
what like suckers, and serve to secur_ely hold the two individuals in the 
proper position. 
Color, in alcohol, dark brownish_ above, with two faint bands of red-
dish brown along each side toward the margin, separated by a narrow 
line of blackish; margins and ventral side dull reddish brown. 
Lake Okechobee, Florida-Dr. Edward Palmer. One specimen, when 
preserved, was engaged in swallowing a small lumbricoid worm. 
AULAS110MUM LACUSTRE Leidy. 
Proceedings Acad. Nat. Sciences of Philadelphia for 1868, p. 229 ; Verrill, American 
Journal of Science, vol. iii, p.135, 1872. 
This species, as described by Dr. Leidy, has 10 ocelli; 8 in the upper 
lip, the last pair separated by an annulus from the others. Male aper-
ture in the twenty-fourth annulus; female orifice in the twenty-ninth. 
<Esophagus capacious, with twelve folds. "Jaws thin, small, when at 
rest included in pouches formed by an eversion of the mucous membrane. 
Teeth, 12 in number to each jaw, bilobed at base." Color (var. a) 
throughout olive green, closely ma.culated e~erywhere with confluent 
spots of a darker hue of the same color. When full-grown, this species 
becomes 6 to 8 inches or more long and half an inch broad. 
Var. b, tigri,.-Large and broad, depressed. Color yellowish green 
to dark olive-green, with scattered irregular blackish spots and blotches. 
Var. c,fuliginosum.-Color uniform dusky or brownish black. 
Var. d, i,irescena.-Color uniform greenish, or yellowish green, varying 
to dark green; usually paler beneath. 
In my specimens, the male organ is long, very slender, thread-like, and 
is protruded from an opening in the twenty-fifth segment, behind the 
month, (counting the buccal segment.) The female orifice is small, with 
slightly raised borders, and is situated between the twenty-ninth and 
thirtieth segments. The fourth pair of ocelli is on the buccal segment ; 
and the fifth pair is on the third segment behind the mouth. 
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Var. a, Twin Lake, Minnesota, and Lake Superior-Leidy; Denver, 
Col.-Mr. Henshaw, Wheeler expedition, 1872; Yellowstone Lake a~d 
Yellowstone River, abundant-Dr. J. Curtis, Wheel~r expedition, Aug-
ust, 1872; betw.een Santa Fe and Wingate, New Mexico-Dr. Loew, 
Wheeler expedition; New Haven-A. E. Yerriil. 
Var. b, Lake Superior-Leidy; Fc1irfield, Utah-Dr. Yarrow, Wheel-: 
er's expedition; Utah, in a tributary of Great Salt Lake-Mr. Gorman ; 
Cool Spring, Fire-Hole Basin-No. 224, Collection S~ithsonian Institu. 
tion. 
Var. c, New Haven-A. E. Verrill; lake near Long's Peak, elevated 
9,000 feet-Hayden's expedition. 
Var. d, Springs, Saguache, Colorado-Ernest Ingersoll, Hayden's ex-
pedition, (also var. b.) · 
DEM00EDES Kin berg. 
Ofversigt af Kongl. Vet. Akad. Forhandlingar, xxiii, p. 356, 1867 ; Verrill, op. cit., 
p. 137, 1872. ' 
This genus, according to Kinberg, has "three muscular, compressed, 
edentate maxilloo," with the habit of Hirudo. The two species first 
named by him are from Port Natal, and have 10 ocelli. The remaining 
species has but 8 ocelli, and is described as follows : 
DEM00EDEI MACULATUS Kinberg. 
Op. cit., p. 356; Verrill, loc. cit., p.137, 1872. 
Body tuberc11lose, with minute tubercles, cinereous, with irregular. 
black and white spots; cephalic lobe 5P or 6-annulate; qcelli 8; fourth 
pair on the buccal segment; abdominal orifices in the twenty-fifth and 
thirtieth segments; segments, 94; length, 88mm. 
Wisconsin-Kumlin. 
SEMISC0LEX Kinberg. 
Op. cit., p. 357, 1867; Verrill, Amer. Journ. Science, vol. iii, p.136, 1872. 
According to Kinberg, this genus has the4"ollowing characters: max• 
illre wanting; pharynx with a transverse sulcus below the posterior 
margin of the buccal segment, and below that provided with longitudi-
nal sulci ; habit of Hirudo. 
SEMISCOLEX JUVENILIS Kinberg. 
Op. cit., p. 357 ; Verrill, loc. cit., p. 136. 
'This, the typical species, has a smooth body, with a narrow median 
dorsal fascia, and a series of spots on each side. Oephalic lobe a little 
elongated, three-annulate; ocelli eight, with the fourth pair on the sec-
ond segment of the body; abdominal orifice in the twenty~sixth seg-
ment; segments, 97; length, 40mm. 
Montevideo, in fresh water. 
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SEMISCOLEX GRANDIS Verrill, sp. nov. 
·Body very large, broad, stout, with about 90 well marked annulnitions, 
forming crenulations along the margins; length, in full 'extension, 10 to 12 
inches or more; greatest breadth, 1 to 1.25 inches. ·Head somewhat pro-
loage_d and tapered, composed of several distinct annula,tions. Ocelli, 
10: the first pair near together on the first annulus of the head; the 
second pair on the second annulus; the third pair on the third annulus; 
the fourth pair on the fifth annulus; and the fifth pair on the eighth an-
nulus. Upper lip divided beneath into two median and two lateral areas 
by three deep, triangular fossrn; each of these areas is subdivided by 
numerous longitudinal_ and t,ransverse wrinkles, the small -interspacetf 
being rather smooth; the lip is separated from the opening of the reso-
phagus by a deep transverse groove, bordered below by a membrana; 
which rises into three tran verse folds or lobes, but these are often rathei· 
indistinct in preserved specimern~. <Esophagus relatively small and 
short, with about twelve unequal plications or folds, some of which are 
often indistinct, or united anteriorly, and sometimes with additional 
small ones intercalated between the larger ones posteriorly. No distinct 
maxillre could be detected. Male orifice situated between the twenty• 
fourth and twenty.fifth ammli behind the month; female orifice in the 
thirtieth annulus. The male orifice is in a small, circular pit, from which, 
in one specimen, a long, filiform, intromittent organ is extended to a dis-
tance equal to half the breadth of the body, or about 0.5 of an inch, 
(11 mm.) The female orifice is transversely elliptical, with slightly raised 
and rugose margins. Acetabulnm small and deep, projecting less than 
half its diameter beyond the end of the body. Anal orifice large, sur-
rounded by numerous convergent plicrn. 
Color dusky brown above, somewhat paler beneath, sometimes with a 
few rather large, roundish, but irregular, distantly scattered dark spots 
on the back, and often with two or three beneath; sometimes nearly uni-
form slate-brown, with only a few, small, remote blackish spots. 
Var. b, maoulatus.-Form and size as in the preceding variety. Color 
above olive-green or yellowish green, thickly spotted with irregular angu-
lar, more or less confluent, blotches of blackish. The folds of the msoph-
agus, in the single specimen examined, consist of three broad ones, im-
perfectly and ratheT indistinctly divided into tllree subplicre; alternating 
with the three broad folds were three narrow and inoonspicnous ones. 
Var. a, West River, New Haven, Conn.-A. E. Verrill; Lake Huron, 
at Au Sable, :Michigan.-J. W. Milner. 
Var. b, Madeline Island, Lake Superior-J. W. Milner. 
BEXABDELLA. Verrill. 
Op. cit., vol. iii, p. 136, 187~. 
Body depressed posteriol'ly. Cephalic lobe prolonged, composed of 
four segments, with three longitudinal folds beneath, followed by three 
transverse fleshy lobes, or folds; below these, the resophagus is far• 
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nisbed with six longitudinal plications. Ocelli, ten : the fourth pair on 
the bucca.l segment; the fifth on the si:,cond segment behind the buccal. 
Anus dorsal, at the posterior end of the body. Acetabulum round, 
separated from the body by a deep constriction. • 
This genus, although evidently allied to Semiscolex, differs in the· 
structure of the cephalic lobe and resophagus. 
HEXABDELLA DEPRESSA Verrill. 
Op. oit., vol. iii, p. 136, 1872. 
Body strongly annulated, broad and much flattened posterior to the· 
clitellus, tapering and somewhat rounded in frontofit. Length, in partial' 
contraction, 1.50 iuches; breadth 0.40 inch. Head, or c~phalic lobe, 
somewhat elongated, rounded in front, with four aunulations, the first 
or terminal one oval, separated from the following by a decided depres-
sion, or fossa. Ocelli, ten: the first pair near together on the posterior 
edge of the first cephalic segment; the second pair, on the second, and 
the third, ou the third segment, form a nearly regularly curved line; . 
those of the fourth pair are on the sides of the fifth or buccal .seg_ment; 
and those of the fifth are on the seventh segment, or the third of the 
body. Oephalic lobe divided beneath into three broad lobes by two deep 
sulcations,each lobe subdivided into smaller ones by less marked, diverg.• 
ent grooves. Behind each of the three lobes, there is an elevated; trans-
verse, rounded, fleshy lobe, or fold ; behind these, and separate~ by a 
deep groove, there are six well marked plications. in the cesophagus. 
Anus with elevated, crenulate borders. Male organ between the twenty-
fourth and twenty-fifth segments of the body. Acetabulurn round, of 
moderate size. Oolorof the preserved specimen, dark slate-brown above-, 
with few irregularly scattered, remote black spots, and with still fewer 
small, white specks; beneath, lighter slate-brown, w.ith very few black 
spots toward the margins. 
Near New Haven, Connecticut-A. E. V:errill. 
NEPHELOPSIS Verrill. 
American Journal of Science, "9'ol. iii, p. 135, 1872. 
Body broad and flattened behind the clitellus, rounded and tapering iir 
front of it. Upper lip large, dilated, wrinkled, and radiately sulcate<t 
beneath; resophagus with three broad folds, as in Nephelis. Intestine 
simple, resembling that of Trocheta. Ocelli eight, in the typical species~. 
External male organ expanded at the end into a disk-like form, wjtb a 
raised margin and depressed center, in-which there is a four-lobed ori~-
fi.ce, as in Trocheta. The internal male organs resemble those of Aulas-. 
tomum and Hirudo; the testicles being rather large, rounded or pyriform 
vesicles, apparently but eleven on each side. · 
This genus bas a remarkable combination of the characters of Nephe-
lis, Trocheta, and Aulastomum. In g.eneral habit and form of body, it is 
much like Trocheta, but there are no maxillre. 
S. Mis. 71-43 
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NEPHELOPSIS OBSOUR.A. Verrill. 
American Journal of Science, vol. iii, p. 135, 1872. 
Body much elongat,ed in extension, depressed posteriorly, distinctly 
annulated, a iittle rugose anteriorly in contraction. Length, in ex-
tension, 4: to 5 inches; breadth, 0.25 to 0.35, of an inch. Head obtusely 
rounded in front. Ocelli eight: two pairs on the first ring near the front, 
the inner pair larger, well separated; two pairs on the sides of the , 
buccal segment, small, distant, the upper pair a little below the level 
of the outer pair of anterior ones. Inner surface of the upper lip very 
rugose, the sulcations and folds diverging outwardly. Mouth large; 
folds of t,he resophagus broad, prominent, the outer end pointed, trian-
gular. Anal orifice large, with raised bordPrs, situated on the dorsal 
surface a little in advance of the posterior sucker, which is large, 
rounded; the disk expanded, arnl considerably ·1arger than the pedicel. 
Clitellus much thickened; male organ short, protruded as a low trun~ 
cate cone, with disk-shaped end. When examined by transmitted light, 
a row of eleven rather large, translucent, pyriform spots may be seen 
midway between the dark intestine and the flattened margin, which 
appeared to correspond with the testicles. Color, above and below, 
dull dark brown, umber-brown, or fuscous, usµally with numerous 
obscure, narrow, longitudinal stripes of lighter and darker brown. 
Var. b, maculata.-Form and size nearly as described above. Color 
of preserved sp~cimens greenish yellow or clay-color, with small, irreg1 
ular spots of black scattered over the back ; lower surface nearly plain 
cla.y-color. Ocelli, eight, but often not very distinct in preserved speci-
mens. Three small, acute, triangular lobes above and alternating with 
the upper endR of the msophagal folds. A specimen from Fire Hole Ba-
siu wHs much darker ; the black blotches being larger and more or less 
confluent. 
Var. a.-Madison, Wiscorn~in, very abundant in the lakes near the 
city-A. E. VerriU. 
Var. b.-San Luis Valley, Colol'.ado, common-Lieutenant Marshallt 
Wheeler's expedition, 1873; Snake River-Dr. Josiah Curtis; lake near 
Long's Peak, elevated 9,000 feet-Hayden's expedition; Cool Spring, 
Fire-Hole Basin-Smithsonian Institution. 
This species was first taken in Wisconsin, in May, 1870, when numer-
ous egg-capsules were also found attached to the stones. along the shores. 
These were yellowish in color, broad-oval or elliptical, terminating in a 
point or macro at each end, flat below, smooth and slightly convex 
above, with a thin margin. They were 5mm,5 to gmm long by amm.5 to 
4mm broad. Each one contained from five to ten eggs, or young leeches; 
some of the latter were already leaving the capsules; these were 5mm 
or more in length, and even at this age, though pale in color, they had 
the characteristic form of the adult, and the eight ocelli were distinctt, 
·1 ible. 
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NEPHELIS LA'l'ERALIS Verrill. 
Hirudo latemlis Say, Long's Second Expedition, vol. ii, p. 267, 1824; Diesing, 
Syst. Helm., vol. i, p. 474. 
Nephelis lateralis Verrill, American Journal of Science, vol. ii, p. 451, 1871; vol. iii, 
p. 133, 1872. 
T Ncpheiis vermiformis Nicholson, Canadian .Journal, 1873, (young.) 
The original specimens, described by Say from the waters between 
Rainy Lake and Lake Superior, were dull livid with "a few very remote 
minute black points, and a rufous line along each side;" the "six ocular 
poiuts are placed in a regularly curved line." 
Specimens from New Haven, apparently belonging to the same species, 
were 3 or 4 inches long in extension, and 0.15 to 0.25 of an inch wide; 
rather slender and subtcrete anteriorly, somewhat depressed posteriorly, 
with the margins rou1Hled. Head obtusely rounded in front, not very 
distinctly aunulated. Ocelli six, distinct, sometimes with faint colored 
spots, like indications of another pair on the first segment; the front 
pair, on the first segment, is very distinct and much larger than any of 
the others, well separated, round, and blackish; the two pairs on the 
sides of the buccal segment are very small and well separated. Acetabu-
lum as wide as the body, when extended, with a circular row of blackish 
submarginal spots. The three folds of the msophagus are about as in 
the following species. The color above is sometimes plain dark brown, 
and often dull dark orange-brown, with numerous fine longitudinal lines, • 
alternately darker and ligher, and with many small irregular black spots 
scattered unevenly over the surface, except along the middle of the back; 
au obscure reddish line passes along each side near the margin, appar-
ently due to an internal vessel showing through the integuments; lower 
~mrface plain, dull orange-brown, somewhat lighter than the back; head 
light flesh-eolor. Several other varieties occur. Some are nearly black, 
with few seattered lighter specks; others are pale brown, or light slate, 
specked wit,h small darker brown or blackish spots. 
Whitneyville Lake, an<l Farmington, Conn., and Peak's Island, Casco 
Bay, Ma.inc-A. E. Verrill; Bad River and Madeline Island, Lake Supe-
rior-J. W. Milner; Olear Lake, Colorado, (plain brown variety)-Ha.y-
den's expedition; Lake Huron (pale variety)-J. W. Milner. 
NEPHELIS QUADRISTRIATA Grube. 
Famil. des Annel., pp. 110 and 149; Diesing, Sitzungsberichte der kaiserlichen 
Akad. cler Wissenschaften, math.-naturwiss. Classe, xxxiii, p. 496, 1859; Ver 
rill, op. cit., vol. iii, p. 133, 1872. 
Body, in extension, 2 to 4 inch es long, by 0.12 to 0.25 inch broad, slenrler 
subterete, tapering to the anterior end; in contraction broader and some-
what depressed posteriorly; the sides rounded. Posterior sucker large, 
nearly ~ wide as the body, to which it is broad]y attached. Mouth 
rather large, suborbicular, tlre upper lip a little expanded, rou·nded in ' 
front, wrinkled within, smooth externally, and not distinctly annulated 
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The resopbagus has the three longitudinal folds slightly promine~ 
rounded at their exterior ends. Six ocelli w ere all that could be distin• 
guished; of these, those of one pair, situated on the front of the first 
segment, are much the largest; two pairs, much smaller and inconspioll 
ous, are placed well apart on the sides of the -bu~cal segmen~ 
Anal orifice large, with a raised border, situated a little in advance of 
the posterior end of the back. 
Color above, brownish black, dark brown, fuscous, or dark cinereon._ 
, with four l_ongitudinal rows of irregular, nearly confluent, black spots, 
intermingled with light brown or grayiRh spots, which often also form 
the centers of the black spots. Lower surface plain brown or fuscons, 
usually a little lighter than the back. 
Var. b.-Back with a light reddish or brownish median stripe, and a 
broad band of blackish on each side, often more or less interrupted with 
lighter mottlings. 
Var. a.-New Haven and Farmington, Conn.-A. E. Verrill; Fal-
mouth~ Mass.-Dr. Edw. Palmer; Lctke Ra.,ymond, Nebraska-T. M. 
Prudden, 1873. This variety is very common in the fresh waters of 
:New England. 
Var. b.-Yellowstone Lake-Dr. Josiah Curtis; San Luis Valley, 
Colorado-Lieutenant Marshall, Wheeler's expedition, (also var. a;) 
Colorado-Hayden's expedition 1873, (Var; b, and plain dark brown 
variety.} 
NEPHJiJLIS MARMOR.A.T.A. Verrill. 
American Journal of Science, vol. iii, p. 134, 1872. 
Hirudo ntarmorata Say, op. cit., p. 267. 
{J) Nepheli.8 punctata Leidy, Proc. Acad. Nat. Sci. of Philad., 1870, p. 89. 
This species, found hy Say associated with N. lateralis, appears to 
differ in no important particulars, and may be only a differently colored 
variety of the same species. It is described as blackish or fusconBi 
with irregular whitish or light colored spots; beneath pale, generally 
immaculate, but sometimes with confluent black spots. Ocular points 
six, in a regularly curved line. 
When a larger series of living specimens from various localities can 
be studied, the three precediug forms, admitted here as distinct, may 
prove to be mere varieties of one species, no less variable than the Ne-
pl,elis t,ulgaris of Europe. The agreement in the number and arrange-
ment of the·ocelli is very close in the three forms. 
The leech described by Dr. Leidy from the vicinity of Philadelphia 
and from Beverly, N. J., appears to differ in no essential characters. It 
was blackish olh·aceous above; the annuli minutely punctate with yel-
lowish olivaceous or dusky white, and narrowly bordered with the same; 
beneath grayish . 
• T EPHELIS FERVID.A. Verrill. 
American Journal of Science, vol. ii, p. 451, 1871, and vol. iii, p. 134, 1872. 
l; Y 2 or 3 inches long, 0.20 to 0.30 of an inch wide, elongated and slen-
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derin full extension, very little depressed, most so posteriorly, often round 
and tapering anteriorly. Mouth large, nearly circular, subterminal; the 
upper lip, in contraction, short and rounded; within the msophagus are 
three conspicuous folds. 0celli eight, small, nearly equal, blackish, con-
spicuous; two pairs, a little apart, on the first ring of the head; two 
pairs, wider apart and farther back, on the third r!ng. 0olor, bright 
brick-red when living; the preserved specimens show numerous faint 
longitudinal lines of brown. 
In 8 to 13 fathoms, south side of Saint Ignace, Lake Superior-S. I. 
Smith. 
A small specimen, probably the young of this species, taken in 13 to 
15 fathoms, in Simmons' Harbor, was translucent, tinged with :flesh-color, 
with a dark brown intestinal line posteriorly. 
Egg-capsules, apparently of this species, were found in August by Mr. 
Smith, attached to the leaves of Nupha, in a small lake near Simmons 
Harbor. These are broad-oval or elliptical, above smooth ana. convex, 
translucent yell()wish brown, with a thin, flat, lighter border, each end 
prolonged slightly into a short tubular neck, with a terminal orifice 
Lower surface flat. Each contained. two, three, or more young leeches, 
· mostly upward of half an inch long, plain whitish, with eight distinct 
black ocelli. The largest capsule was 11mm,5 long by 9mm wide, includ-
ing the margin; the smallest was 9mm,5 long by 7mm,5 wide. These cap-
sules closely resemble those of Nepkelopsis obscura, but are larger than 
those that were found to belong to that species. 
This species approaches N epkelopsis in several characters, and espe-
cially in having eight distinct ocelli. When more specimens, and of 
la~ger size, can be examined,. it may prove to be a true Nephelopsis. 
0LEPSINE Savigny. 
This genus is very abundantly represented in our wat_ers, both in in-
dividuals and spe~ies. All of these species are apt to be quite variable 
in character in different localities, as well as at different periods ot 
growth. Most of the species are elegantly, and some are quite brill-
iantly colored, but the colors are often quite variable in the species, and 
cannot be relied upon for distinguishing them without other characters 
of more importance. The form varies extremely, according to the state 
of contraction or extension. They are most frequently found adhering 
to the under surfaces of floating logs and old pieces of boards, or be-
neath the loosened bark of submerged branches and trunks of decaying 
trees. Occasionally, they adhere to the lower surface of larger leeches, 
turtles, or other animals, but they probably never suck blood. They 
feed upon insect larvre, small worms, mollusks, &c. · When disturbed, 
these species curl themselves up after the manner of " pill-bugs" and 
certain insect larvre. The eggs, wheu laid, are retained in a cluster be-
neath the expanded and concave posterior portion of the body, which 
is arched over them and kept in continuous undulatory motion during 
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the p~riod of incubation. The yo11ng, when :hat<,hed, ~dhere in a group 
to the posteriQr part of the lower surface of the .body of .the parent by 
means of their posterior suc.ke.rs, and before qujtting the parent usuaUJ 
present the essential chairacters, and often nearly the p~ttern of color of 
the adult, though paler. , 
Section A.-Ocelli 2, sel?arate or confluent. 
Subsection a.-Back smoo.th. 
CLEPSINE PARASITICA Diesing. 
Hirudo paraBitica Say, Major Long's Second Expedition to the Source of Saint 
Peter's River, Lake Winnepeek, &c., vol. ii, p. 266, 1821. 
Clepsine parasitica Diesing, Systema Helminthum, vol. i, p. 450, 1850; VerriU, op. 
cit., vol. iii, p.128, 1872. 
This species is one of the largest and most conspicuously colored of 
the genus. 
Body smooth, but distinctly annulated, much depressed, broad, taper-
ing anteriorly to the obtusely rounded head, broad and emarginate pos-
teriorly, with a broad,round, posterior suck er or acetabulum, about half 
of which is exposed behind the end of the body. Length, in extension. 
3 inches; greatest breadth 0.3 to 0.5 of ai:J. inc.h, acco rding to the de-
gree of extension. Ocelli usually united into one inconspicuous spot, 
placed near the anterior margin of the head ; two or three other minute 
black spots, somewhat resembling ocelli, sometimes occur along the 
margins of the head anteriorly. 
Upper surface variegated with green, yellow, and brown; the ground-
color is usually dark greenish brown, with a broad median vitta of pale 
greenish yellow, which at intervals expands into several large irregulaf 
spots; unequal, oval, and rounded spots are also irregularly scattered 
over the back. The entire ~argin is surrounded by a series of alter-
nating square spots of dark green and yellow. Lower surface longitll• 
dinally striped with numerous purplish brown and black lines; the mar-
g~n spotted like that of the upper side. 
West River, near New Haven, Connecticut, on the lower side of-float-
ing wood,and at Norway, Maine-A. E. Verrill; frequent in the lakes 
of the Northwe1::1tern States, adhering to the sternum of tortoises-Say 
CLEPSINE PI.CTA Verrill. 
Op. oit., vol. iii, p. 128, 1872. 
Body smooth, much depressed, broad posteriorly, somewhat tapering 
anteriorly, about 2.50 inches long in extension, varying in greatest 
breadth from 0.25 to 0.30 of an inch. Acetabulum large, rounded. Ocelli 
two, close together, and sometimes confluent, surrounded by a triangu-
lar white area, which extends baekward. Color of upper surface, dark 
brownish green, finely variegated with orange ; toward the margins the 
green becomes brighter ; a row of semicircular orange spots, centered 
with flesh-color or white, extends along each margin. Small, distant, 
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flake-white spots are scattered over the upper surface, and arranged in 
about five irregular longitudinal rows. Acetabulum varied with green 
and orange, the green forming rays toward the margin, alternating with 
salmon-colored spots. Lower so.rfa9e darker than the upper; deep 
greenish on the central part. 
Another variety agrees in most respects with the preceding, but has 
a median, brown line along the back, interrupted by six irregular light 
green blotches, the last one largest and elongated; the rest of the back 
purplish brown varied with greenish, the colors appearing as if in fine 
checks, owing to lighter and darker lines running in both directions; a 
row of rounded light green spots on each side midway betwP-en the 
dorsal line and margins, and a row of flesh-colored semicircular spots, 
alternately large and small, along the margin. Acetabulum varied with 
light purple and flesh-color. Lower surface pale bluish, with lighter lines. 
A young specimen, about 0.75 of an inch long, had the same pattern of 
color, but the upper surface was lighter, reddish brown, and the dark 
brown lobes of the intestine were visible through the integuments. 
Other variations of color were observed. In some, the blotches inter-
rupting the median brown line were dull orange, _and the_ marginal 
spots were orange-yellow. The sides of the back were orange-brown, 
thickly specked with dark brown and with a row of Rmall pale green 
spots on each side; lower surface plain purplish brown, and there was 
a whitish spot in front of the ocelli. 
Whitneyville Lake and West River, near New Haven; common 011 
submerged or floating wood, and beneath dead bark, in stagnant pools 
near New Haven, April 20, 1873, without eggs or young-A. E. Verrill. 
OLEPSINE MODEST.A. Verrill. 
Op. cit., p. 129, fig. 2, 1872; vol. v, p. 388, 1873 
Clepsine submodesta Nicholson, Can3!dian Journal, 1873. 
Body in extension elongated, tapering and very slender anteriorly, 
broader and obtusely rounded p,osteriorly. ::Fi.g.1. 
Length, 0.5 of an inch in extension. Back . -
smooth, faintly annulated, translucent. Head ~
small, obtuse, whitish. Ocelli two, black, near . ~ 
together. The general color above is usually pale purplish· brown or 
purplish flesh-color1 with minute specks of brown and very small round 
spots of dull yellow, and often of light green; margins and a median 
dorsal line, pale. Acetabulum moderately large; whitt'sh. Auditory 
·rnsicle or "cervical gland,'' placed near the .hea~l, small, rounded, slightly 
prominent, conspicuous, deep brown, surrounded bt a whitish circle. 
Lower surface pale purplish. The attached young,.about 0.3 of aii inch 
long in extension, were slender, whitish, and· Embdiaphanous, with the 
brown intestine showing through ·posteriorly. · 
West River and Whitneyville Lake, with the preceding, and carrying 
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young, common ; very abundant in stagnant pools near New Haven, 
April 20, 1873,. without eggs or young. White Mountains, Arizona-. 
Lieut. Henshaw, Wheeler's expedition; Beaver Creek-Dr. H. C. Yar-
row; Lake Raymond, :Sebrask~T. M. Prudden, Yale scientific expedi• 
tion, 1873; Lake Okechobee, Florida-E. Palmer; Springs, Saguache, 
Colorado-Ernest Ingersoll, Hayden's expedition. 
Subsection b.-Back papillose. 
CLEPSINE ORN.A.TA Verrill. 
American Journal of Science, vol. iii, p.130, 1872. 
The specimens of this species originally described, although found car-
rying young, were probably immature. Specimens of much larger size, 
and having more numerous papilloo, have since been obtained. They 
are so different as to be easily mistaken for another species, but their 
young have been found to agree with the original description. It is 
probable that this, and other species of Olepsine, begin to ·breed long 
before they become full grown, and that they live several years. The 
following is the origfoal description : 
"Body somewhat depressed, rather broad and obtusely rounded pos-
teriorly, in extension tapering, but not slender anteriorly, about 1.25 
inches long. In contraction elliptical, and about 0.20 broad in the middle. 
Back with a median papillose dorsal carina, and two similar ones mid-
way between it and the margins. Head broad, acnminate, whitish in 
front and at the margins. Ocelli united into a single, small, transverse 
spot, situated at the edge of the white area.. Acetabulum moderately 
la.rge, round, about half of its breadth expos~d behind the end of the 
body. 
"A dark green line passes along the median carina, interrupted ante-
riorly by several transverse orange vittoo, and farther back by some pale 
orange spots; the first of the transverse spots or vitt.oo is pale orange, 
and is just behind the white area of the head; this is followed by a 
transverse greenish brown one, whioh is s_ucceeded by a longer trans-
verse orange one; farther back is another transverse vitta, or band, of 
the same color. The posterior part of the back and upper side of aceta-
bul um are flesh-color, specked with pale orange and purpli~b. The pa-
pillre of the lateral carinoo are partly orange and partly brown. The 
margin i8 pale purplish, with conspicuous squarish spots, alternately 
bright green and orange. The rest of the upper surface is v·ariegated 
with bright green and pale brown, and specked with darker brown. 
Lower surface pale green, with a median light line; the margins colored 
as on the upper side. 
"Ti1 · ~1 tached young, June 6, wereabout0.12 of an inch long, and very 
I ·1 11,· • 1.1 • .-11. 1 u1. Anlieriorly9 they were purplish red, with bright 
• , • 1 l ' 1 I. • median row of red points, while several median 
' •'l 1 1 · ·rl the positions of the large transverse orange spots 
. l I teriorly the branched lobes of the intestine gave a 
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greenish color to the body. Ocelli closely united into a transversely 
triangular or bilobed spot of bright red. 
"West River, on the lower sides of submerged wood and pieces of 
boards." 
Var. b, Btellata.-Body broad-oval in contraction; moderately el?n-
gated in extension ; strongly annulated ; in extension, about 1.25 to 
1.50 inches long, and 0.20 to 0.30 broad; in contraction, about 0.40 
long, but sometimes larger than this; head obtuse in front; ocelli 
more or less con:flnent into a conspicuous transversely triangular or 
bilobed eye, usually surrounded by a white area; back moderately 
convex, with numerous quite small papillre, forming a transverse row 
on each annulus. Along the middle of the back, there is a longitu-
dinal row of somewhat larger and more prominent, yet small, conical 
papillre, and two similar rows exist on each side, between the median 
row and the margins. The larger papillre are usually tipped with 
white; color above variegated dark greenish brown, with a median 
line and marginal spots. The surface is covered with brown and 
green stellate specks, and sometimes with some orange-colored ones, 
the green ones generally prevailing toward the margins. A.long each 
edge and around the acetabulum, there is a series of flesh-colored, 
pale yellowish, or light orange semicircular spots ; head with a trans~ 
verse median spot of white. A pale yellow or white transverse line 
crosses the neck. The dark green, brown, or blackish median dorsal 
line is scarcely interrupted. One or two longitudinal rows of flake-
white often extend along each side of the median line on the papillre, 
and similar white specks are often scattered over the back; lower sur-
face brownish, with stellate specks of green; near the margin, like the 
upper surface. Some of the specimens, which were quite dark colored 
when caught, in April and early in May, carried large clusters of bright, 
deep yellow eggs, and others were just laying. The specimens, though 
quite dark colored when taken, were kept until July 17. By that time 
they had become much lighter, the yellow, pale orange, and greenish 
hues prevailing, though stellate specks of dark green and brown were 
still present. 
Var. c, rugosa.-Larger than the preceding; strongly annulated, each 
annulation with a row of 20 ~o 30, or more, larger, conspicuous, rough, 
conical papillre, with many unequal smaller ones between them, in several 
irregular rows, or scattered. Ocelli very close together, but separated by 
a narrow light line, in adult preserved-specimens; united in the attached 
young. The color, in alcoholic specimens, is yellowish green, variegated 
with blotches of dark brown; margin of body and acetabulum with semi-
circular, pale, orange spots, covering the width of about two annula-
tions, and separated by narrower, greenish brown spots, about half as 
wide; head w'ith a light; longitudinal vitta. The attached young have 
three dorsal, lop.gitudiual rows of small papillre, the median one double 
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posteriorly, and a few other.s scattered over the surface between. The 
'1Jlost papillose specimens were collected by Dr. Elliott Coues, on the 
northwest-boundary commission. This may prove to be a distfoc-t spe-
cies, hut this is rendered improbable on account of the close agreement 
of the attached young with the ordinary varieties. 
Var. d.-The largest specimen that I have seen belonging apparently 
to this species was over 3 inches long in extension, and upward of half an 
inch wide. The body was strongly annulated, with crenulated margins; 
on each annulation there was a transverse row of numerous small but 
conspicuous papillre. Ocelli united. The color was dark olive and fus-
cous brown on the back, with a row of small, semicircular, light yellowish 
spots alcmg each margin at every third annulation; head with an inter-
rupted pale yellow vitta; ventral surface striped with olive-green and 
dull grayish. This specimen was taken, without eggs or young, near 
New Haven, about the 1st of May. 
Another somewhat similar specimen, from the same locality, was 3 
t,ches long in extension, and 0.5 to 0.75 broad; in contraction, 1.5 
long and 1 inch broad. Body much depressed, with thin margins, ob-
tuse anteriorly. Back covered with numerous small, unequal, conical 
or rounded verrucre, arranged in transverse rows of twenty or more on 
each annulation. Ocelli black, confluent, or very closely approximate. 
Head, in front of ocelli, brownish white, with lateral brown spots; be-
hind the ocelli, with a short median orange-brown stripe. General color 
of body dark greenish brown. The ground-color is brown, varied with 
very numerous minute stellate specks of dark green ; toward the lateral 
margins of the body and edges of the acetabulum, the color is lighter 
orange-brown, with fewer green specks; and a marginal series of round-
ish pale brown spots extends along each side and around the acetabu-
lum ; beneath, pale bluiRh, with sixteen to twenty stripes of green. 
On the lower side, the dark brown viscera show very distinctly, through 
the integuments, eleven branches or lobes on each side; these are elon-
gated, well separated, with few short open branches ; the anterior ones 
are but little shorter and are not crowded. In this re,.spect, this species 
is very distinct from O. piota, in which the branch es are twenty or more 
on each side, short, much branched, crowded, the anterior ones becom-
ing much smaller and more crowded. 
Var. a.-West River and WhitneyvilleLake, New Haven-A. E. Ver-
rill. 
Var. b.-Pools near Goffe street, New Haven, on submerged wood, 
and adhering to the ventral surface of Ma.erobdella deoora-A. E. Ver-
rill; Clear Lake, Oolorado, Hayden's expedition; Snake River-Dr. J. 
' l1 · i Wheeler's expedition; Birchwood Oreek, Nebraska-0. Harger, 
Yale cieotiflc expedition, 1873; No. 183-Dr. Yarrow, Wheeler's expe-
dition . 
.. r. c.-Northwest-bonndary survey-Dr. Elliott Coues. 
~ • d.-Pools near Goffe street, New Haven-A. E. Verrill. 
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CLEPSINE PAPILLIFERA Verrill. 
Op. cit., vol. iii, p. 130, 1872. 
Body decidedly convex above! bro~d and obtusely rounded behind; 
in extension long, slender, and tapering anteriorly. Length, when ex~ 
tended, about 1 inch; greatest breadth, in contraction, about 0.20 of an 
inch. Back covered with small, distant, su bconical papillrn, arranged 
in transverse r~ws, of which the anterior contain about three papilloo, 
and the posterior ones eight or nine. Head small, narrow, subacute, 
white in front. Ocelli two, distinct, but close together, black, placed 
at the posterior edge of the white area. Color above, obscure yel-
lowish brown, produced by alternating narrow lines of flesh-color and 
olive-brown, which are crossed by fine longitudinal lines of .dull olive-
green, giving a checkered appearance under the microscope. The dorsal 
papillre are specked with opaque white at the tips, and usually sur-
rounded by a darker spot of olive-green at the base. , 
Var. b.-Specimens taken in Whitneyville Lake, October 4, carrying 
young, differ considerably from the preceding, and may prove distinct~ 
These have the form of body, head, and ocelli as described, but the 
tubercles of the back are less numerous, forming a single median row 
anteriorly, which becomes double posteriorly, where there is also a row 
on each side, midway between it and the margin. The general color 
above is dull greenish yellow, transversely and longitudinally lined with 
lighter; the tubercles are dark brown, and small flesh-colored spots are 
scattered over the back, but form rows .posteriorly. Lower surface 
lighter. 
Var. c.-The specimens thus designated in my former paper appear 
to belong rather to 0. ornata. 
Var. d, lineata, nov.-Body in contraction broad-oval, much de-
pressed. Ocelli two, distinctly separated by a space equal to about twice 
their diameter. The alcoholic specimen has about twelve longitudinal 
stripes of deep brown, aUernating with as many of yellowish white; 
both crossed by fine transverse lines of whitish. Back nearly smooth, 
with only a few minute and but slightly raised papillrn. This may prove 
to be a distinct species. 
Var. e, carinata, nov.-Body in contraction rather short and thick, 
tapering rapidly to the head. Ocelli two, conspicuous, well separated, 
with a space between equal to their diameter, or greater. Back with 
three conspicuous carinre, each surmounted by a close row of prominent 
papillrn;. toward the posterior end, the middle carina ceases, and a short 
one, with few papillrn, is introduced on each side of the median line 
close to the posterior end of the body; other much smaller papillre are 
usually scattered over the surface between the principal rows, especially 
near the margin, where they often form a submarginal row. Color, of 
alcoholic specimens, dull brown ; the back covered with many narrow 
longitudinal stripes of dark brown, alternating with lighter lines. 
West River, Conn., and in small tributary streams, among the stems of 
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water-plants and on floating wood, common-A. E. Verrill; Bad River, 
Lake Sup~rior-J. W. Milner .. (var. with few large papillre, mostly in 
three rQws.) 
Var. d.-Lake Raymond, Nebraska-T. M. Prudden; Lake Okechobee, 
Florida-Dr. E. Palmer. 
Var. e.-Ecorse, Michigan-J. W. Milo.er. 
Section B.-Four ocelli. 
No American species belonging to this section are known to me. 
Section C.-Six. ocelli. 
Subsection a.-Back smooth. 
CLEPSINE PALLIDA Verrill. (]fig. 2, a; head enlarged.) 
Op. oit. vol. iii, p. 131, fig. 3, a, 1872. 
Var. a.-Body depressed, broad and obtusely rounded posteriorly, 
} J::le• t. a. 'tapering, but not very slender, anteriorly; about l inch 
fl 
long in extension, and 0.15 of an inch broad in contrac .. 
:: tion. Back smooth, somewhat convex. Head obtuse, 
with six ocelli, those of the anterior pair nearer together. 
Acetabulum rather small. Intestine whitish, showing 
through the integuments, with two large anterior lobes and about six 
smaller lateral ones. Auditory vesicle very di~tinct. Color above pale 
yellowish, with scattered blackish specks, and with a median light line, 
interrupted by a row of distant, small, black spots. Beneath pale flesh-
color. 
Var. b.-Back smooth, grayish green, with two dorsal dark lines, and 
specked over the whole surface with small blackish dots, which are 
arranged somewhat in longitudinal lines. Ocelli as in var. a. Length 
about 0.75 of an inch, (18mm to 2omm,) Taken September 17. 
West River, New Haven, Conn., both varieties, on submerged wood-
A. E. Verrill ; Colorado-Hayden's expedition; lake near Long's Peak, 
elevated 9,000 feet-Hayden's expedition, 1873; (var. b, with narrow, 
dark stripes.) 
Subsection b.-Back pa.pillose. 
CLEPSINE ELEGANS Verrill. (Fig. 2, b; head. See above.) 
American J oornal of Science, vol. iii, p. 132, fig. 3 b, Feb., 1872; vol. v, p. 387, 1873. 
Ckprine patelliformis Nicholson, Canadian J ourna.l, 1873. 
Body depressed, stl'ongly annulated, broadly rounded posteriorly, 
tapering, but not slender, anteriorly. Length, in extension, about 1.25 
inches; breadth, in contraction, 0.20 of an inch. Acetabulum moderately 
large, projecting considerably beyond the posterior end of the body. 
Head small, obtusely pointed, white in front and along the edges. Ocelli 
i ·, the three pairs close together on the white area of the head, those 
of th1· middle pair largest, black. Back covered with distant, slightly 
• l •• • ·How papillm. Color olive-green, thickly specked, especially 
, r l h1•• margins, 'with purplish brown, and with dark brown trans-
. • Iii • . ..,, corresponding with the intervals between the annulations; 
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anteriorly there is a pale yellowish green median line; a slight distance 
from the middle there is, on each side, a narrow black line extending 
the whole leugth, and between these anrl the margins there are other 
faint longitudinal lines. Along each margin, there is a row of about 
six sulphur :yellow spotr-;, and a few smaller raised yellow spots are scat-
tered over the back, the anterior ones often becoming greenish. Lower 
surface pale green, specked with brown, and with a light median and 
two black lo11gituclinal lines, corresponding to those above. 
Vlt.r. b.-Two anterior ocelli nearer together than the others. Body 
deep brown, in preservecl specimens, with six or more irregular rows 
of yellow spots on slightly raised papillm. 
West River, with the two preceding-A. E. Verrill; Lake Ontario-
Nicholson; northwest-boundary survey-Dr. E. Cones, (var. a and b.) 
This is a very active species. It adheres firmly by means of its pos-
terior sucker, but when much disturbed quickly rolls itself into a ball. 
One of the specimens, taken J'tme 6, carried about a dozen slender 
young ones, of a pale pink-color. 
In addition to the preceding species, Clepsine oniscus Diesing, (Blain-
ville, sp.,) and Olepsine swampina. Dies. (Bose, sp.,) have been indicated 
from North America. The first has not been described sufficiently to 
be recognized, all the characters mentioned applying equally to nearly 
every species of the genus. 
Ole:psinc swampina Diesing is thus described: '' Body subellipti-
cal, depressed, anteriorly narrowed, above transversly sulcated, below 
plum beous. Ocelli six, two closely approximate. Acetabul um orbicular. 
Length, 6-7 lines; width, 3 lines." 
Carolina, upon the surface of tortoises and. frogs-Bose. 
Section D.-Ocelli 8. 
Subsection a.-Back smooth. 
CLEPSINE OCCIDENTALIS Verrill, sp. nov. 
Body rather stout; in contraction thick and convex; about O. 75 of 
au inch long, and 0.30 broacl; tapering to both ends. Ocelli eight: those 
of the second and third pairs largest; those of the third farthest apart; 
those of the fourth small and near together. Dorsal surface smooth, 
with faint indications of sma.11, low papillm anteriorly. Acetabulum 
small. Color, in alcohol, yellowish brown, with fine transverse lines of 
darker. 
San Luis Valle:r, Colorado-H. vV. Henshaw, Wheeler's expedition, 
1873. 
CYSTOBRANCHUS VIVID US Verrill. 
Op. cit., vol. iii, p. 126, fig. 1, 1872. 
Body elongated, somewlrnt depressed, tapering both ways, but most 
RO anteriorly. Surface smoothish, l.rnt with minute, hemispherical hya-
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line vesicles. Length, in extension, about one inch; breadth, in middle; 
0.10 to 0.12 of an inch. Head excentrically pedicellate upon a slender 
neck, small, disk-like, rounded in front, or somewhat heart-shaped, with 
the rounded point forward. Ocelli four, small, brownish, placed near the 
attachment of the neck on each side; those in the anterior pair farther 
apart . .A.cetabulum large, well-rounded, as wide as the body, disk-shaped, 
and attached nearly centrally. Male organ, when protruded, elongated; 
conical, acute, placed just behind the fourth pair of large lateral white 
spots. 
Color of back dusky brown or purplish brown, finely specked with 
"stellate points of darker brown, tnd with three irregular rows of con-
spicuous, small, round, opaque white spots along the upper surface of 
the back. Sides with a row of about 16, larger and more conspicuous;: 
semicircular, white spots along the margin, each consisting of a cluster 
of 3 to 9 small round spots, inclosing a more transparent area, in which 
. a diaphanous pulsating vesicle or enlarged vessel may be seen to pro-
trude at each pulsation. Lower surfac~ of body light grayish. specked 
with darker, and often with obscure transverse bands of whitish; aceta-
bulurn similar in color to the body, with small, round, white spots, the 
margin more or lass radiated with lighter and darker. Upper surface 
of head similar to the back; the sides and front lighter. 
West River, near 'New Haven, on Fundu.lus pisculentus, November and 
December, 1871-F. S. Smith; Savin Rock, in salt-water, among eel-
grass-Prof. J.E. Todd; Casco Bay, among eel-grass, 1873-A. E. Ver-
rill. 
This very active species lives in both fresh and salt water. 
The transparent lateral vesicles referred to are probably organs of 
respiration, analogous to the much more highly developed branchial 
appendages of Branchiobdella. 
IOHTHYOBDELLA FUNDULI Verrill. 
Op. oit., vor. iii, p. 126, 1872. 
Body smooth, distinctly annula,ted, subterete, thickest at about the 
posterior third, tapering considerably toward the head, and slightly pos-
teriorly. Length about 0.75 of an inch; greatest diameter about 0.08. 
Head small, rounded in front, scarcely explanate, and separated only by 
a slight ~onstriction from the body. Ocelli four: two larger well sep-
arated, placed near the posterior part of the head; two others, very 
small and scarcely distinguishable in some specimens, are placed in 
front of these. Acetabulum scarcely wider than the body, obliquely 
attached, sessile, and scarcely separated by a constriction from the 
body. Color light green, finely specked with dark green and brown 
points; sometimes with distinct bands of whitish a,lte~ating with tha 
,,, ~·n oa t i, anterior part of the body, and with a pale dorsal line; 
11 , ·1 • h ; p, le band at the constriction • 
. , ·• , Conn., on Fundulus pi,culentu,, November and December, 
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1871, and December 18, 1872-F. S. Smith; near New Haven, on the same 
fish-Prof. J. E. Todd. 
This species differs greatly, in the form and arrangement of the ace-
tabulum and liead, from the typical species of the genus, and, when 
liviug specimens cau be carefully studied, may require separation. · 
lCHTHYOilDELLA PUNCTA'l'A. Verrill. 
American Journal of Science, vol. ii, p. 451, 1871; vol. iii, p. 127, 1872. 
Body, in extension, slender, in the preserYed specimen, about 0.5 of an 
iuch loug, 0.06 iu greatest diameter, rounded, thickest posteriorly, taper-
ing anteriorly to tl1e a11terior sucker, which is broad and thin, subeircnlar, 
about three times as wide as the ueck where it is attached. Ocelli four, 
on the upper side of the anterior sucker: two larger, black ones, in front; 
aud two miunte ones wider apart and farther back. Posterior sucker 
large, rounded or oval. Color translucent greenish, with a pale median 
dorsal line, a1Hl with minute black specks arranged in transverse bands; 
along each side are eight light spots, alternating with the dark punctate 
bands. 
Among the Slate Islands, Lake Superior, in 6 to 8 fathoms-S. I 
Smith. 
IcHTHYOilDELLA. MILNER! Verrill, sp. nov. 
Body sle1Hler, elongated, a little depressed, in alcoholic specimens about 
0.75 of an inch loug, and 0.06 to 0.08 broad. Ocelli four, conspicuous, tlle 
anterior pair larger and wider apart; tlle head is quite oblique, broadly 
expanded, antl extends ont in front far beyoud the ocelli.. .A.cetabulnm 
large, about twice the diameter of the body, with a circle of about twelve 
black, ocelli-like spots, around the middle. Color of bo<ly, in. preserved 
specimens, yellowiHll, with four. longitudinal rows of cormected large 
augular spots of greenish, of which one extends aloug the upper, and 
oue along the lower side, near the margin!:<, leaving a pale baud along 
the middle of the back and of tile ventral surface; that of the back is 
often interruptC(l by the encroachment of tlte lateral green spots, the 
points of wliiell frequently meet across the back, dividing the median 
pale band into a series of large rounded or transversely elliptical spots. 
The lateral green spots are variable in form, but often rhomboidal, with 
the most acute angle toward the median line of the back; they are 
connected along the margins by a nearly continuous band of green, or 
else by two narrow lines of green, separated by a pale line. The green 
spots are made up of small stellate specks of deep green, intermingled 
with others of orange. Head aud acetabulum pale, but usually more 
or less specked with green and orange; the acetabulum often has a mar-
ginal circle of pale spots, alternating with greenish. 
Thunder Ba~·, Michigan, in 25 fathoms, abundant, and also in floating 
weeds-J. W. l\Iilner, 1873. 
688 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 
ASTAOOBDELLA PHIL.A.DELPHIC.A. Leidy. 
Proceeedings of the Academy of Natural Sciences of Philadelphia, vol. v, p. 209, 
1851. . 
Dr. Leidy's description is as follows: "Body whitish, translucent; 
sides nearly parallel, a little broader posteriorly, 16 alternately broad 
and narrow segments, exclusive of head and posterior end. Head cam-
panulate, terminated by a circular or elliptical crenatetl lip, fringed with 
very minute stiff hairs, one two-thousandth of an inch long." 
"Acetabulum circular, one-sixth to one-fourth of a line in diameter; 
mouth elliptical. Dental plates brown, nearly equal, forming an isosceles. 
triangle, with the base longest and attached. Apex of superior plate end-
ing in a sharp conical point ; with several very minute denticulations on. 
each side. Apex of inferior plate bifurcated into two points, with two 
minute denticulations on each side. Stomach capacious, nearly filling 
the anterior eight alternately broad and narrow segments posterior to 
the bead. Anus dorsal, one-fifth of a line from the acetabnlum. Gen-
eratfre aperture ventral, anterior to the anal aperture. 
''Length, one to four lines; breadth, one-sixth to one-half of a line. 
Head, one-sixth to one-half of a line long. Ovum attached by a pedicle, 
with an operculum pointed at summit. From base of attachment to 
point of opercle, one-fifth of a line. Length of body of ovum, one-sixth 
of a line;, breadth, one-eighth of a line. 
"Habitat.-Found frequently in numbers from one to several dozen 
upon any part of the exterior of the body of .Astacus Bartonii ~,ab., 
but more especially upon the inferior surface and the branchire." 
The following species, which I have not seen, have been described 
from North America : 
LIOSTOMUM COCCINEUM Wagler. 
Isis, 1831, p. 533; ibid., 1832, p. 53; Diesillg, Sitzungsb. der kais. Akad. der Wis-
senschaften, xxxiii, p. 495, 18!'>9. 
ThiR genus is remarkable in having no ocelli, and no folds, lobes, nor 
plications within the mouth and oosophagus. 
Mexico-Karwinsky. 
Hrnuno ORNATA Ebrard. 
Noov. Monog. Sangs., p. 55. 
North western America. 
Hmuno(f) COSTARICENSIS Grube and <Ersted. 
DiP&ing, op. cit., p. 509. 
Costarica-<Ersted. 
Bmuno BILLBERGHI Kinberg. 
Op. cit., p. 356, 1867. 
· ~s described as having eight ocelli, with the genital orifice 
-eighth segment. It probably belongs to some other genus. 
• 
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OXYPTY0HUS STRIATUS Grube. 
Fam. d'Annel., pp. 110, 148; Diesing, op. cit., p. 510. j 
Montevideo-Burmeister. 
CENTROPYGUS JocENSIS Grube and <Ersted, 1857. 
Dies., op. cit., p. 511. 
San Jose, Central America-<Ersted. 
S Mis. 71-44 
XXVll.-SKETCH OF THE INVERTEBRATE .FAUNA OF LAKE 
SUPERIOR. 
BY SIDNEY I. SMITH. 
In the following paper, I haYe attempted to bring together all the 
species of invertebrate animals~ excepting· many aquatic insects and 
some groups of minute forms, known to inhabit the waters of Lake Su. 
perior. I had at first intended to make it a sketch of the invertebrate 
fauna of the entire chain of the great lakes, but found it impossible to 
bring together material enough for that purpose, and so have limited 
myself to the immediate region of Lake Superior. One of the principal 
objects of the article is to furnish a means of comparing the food of the 
fishes with the fauna of the waters which they inhabit. For this pur-
pose, the fauna of Lake Superior is of more importance than that of the 
other lakes, since most of the material which I have examined from the 
stomachs of the lake-fishes was obtained in that lake by .M:r. J. W. 
Milner. This account is undoubtedly very imperfect in all the groups; 
and some species which have been recorded ~s inhabiting the lake are 
Yery likely omitted, although I have intended to include all such. Of 
the insects I have attempted to mention only a very few species which 
are important as food for the white-fish, or interesting on account of tlie 
ba.thyrnetrical distribution. Most of the copepod and ostracoiu Crustace«, 
of the region are omitted, since they have not as yet been sufficiently 
studied by any one. 
The account of the fauna of the depths of the lake is based {l.lmost 
entirely on a series of dredgings made d□ r!ng August and the early part 
of September, 1871, un1ler the direction of General C. B. Comstock, 
superintendent of the survey of the nort.hern an<l northwestern lakes 
and rivers. A preliminary report of these dredgings was made to Gen-
'l',l l Comstock in October, 1871, and published as Appendix K in the 
: ~ • lt ,rl of tho Chief of Engineers, forming the second volume of the Re-
1>ort of t h·• Secretary of War for 1871. Comparatively few of the shore-
. p1·«'i1· ••r' collected on this excursion, and consequently some parts 
,,f tbi p I r hw e been largely compiled from other sources, especially 
bun P 1ti · ~or £\<, ·ssiz'8 work on Lake Superior. In all cases where the 
. d 1·1· • not obtained by myself, however, I have gi\ren the authority 
on ,~ hid , t.li 1• are inserted. 
In 111 ', tln t the 11· ·••r ·1ices to localities and depths may he better un-
l •1 t) 1. I · • · l' : s11ort account of the dredgings conducted by the lake-
•• ,. ' 111· dn·, " in 11 • were all made by band from the steamer S~arcb, 
11 l , • I' o_ 11 in off.shore sounding, or in transporting shore-partiee. 
"' used ·· · r• lik · those commonly employed in marine dredg-
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ing, with the additiorr of an inner bag of embroidery canvas, which was 
found necessary to retain the exceedingly fine clayey mud encountered 
at nearly every haul. 
The following list will show the localities at which dredgings were 
made, the depth, and the composition of the bottom: 
Simmons' Harbor, on the north shore of tb.e lake, about twelve ijnd a 
half miles north-northwest of Otter Island, August 9, 13 to 15 fathoms,. 
bottom of fine sand, with scattered tufts of a small alga of the genus 
Cladophora. 
Five miles off Simmons' Harbor, August 11, 60 fathoms, soft bluish 
clay. 
Among the Slate Islands, August 14, while at anchor, two hauls: 
first, 12 to 14 fathoms, sand, with a little fine mud; second, from the 
other end of the steamer, 6 to 8 fathoms, sand, gravel, and small stones, 
with some mud. 
On a line from the Slate Islands toward Stannard Rock, August 15, 
four hauls were made as follows: First, about eighteen miles south of 
the western end of the islands, 105 fathoms, soft clay ; second, about 
thirty-five miles from the islands, 169 fa;thoms, the deepest point yet 
found in the· lake, very soft light-drab clay, with small pieces of rotten 
wooJ; third, about forty miles from the islands, 116 fathoms, bottom 
same as in tlle last haul ; fourth, about fifty-seven miles from the 
islands, 159 fathoms, very soft clay. 
Ou a tine southeast from Passa;ge Island, off the east end of Ile 
Royale, August 18, hauls were made at five points: First, about six 
miles out, 47 fathoms, soft, reddish-clay and sand; seeond, about fifteen 
miles from Passage Island, 129 fathoms, soft clay; third, about twenty-
nine miles from the island, 127 fathoms, bottom same as last haul; 
fourth, about forty-three miles from the island, 134: fathoms, bottom as 
in the last two hauls; fifth, about fourteen miles north of Keweenaw 
Point, 82 fathoms, two hauls, reddish clayey mud and sand. · 
North of Oopper Harbor, August 22, dredgings were made at three 
differedt points: First, seventeen miles off, 148 fatlloms, soft clay; 
second, neftrer the shore, 62 fathoms, soft, reddish mud and sand; third, 
within a quarter of a mile of the shore, 17 fathoms, sand. 
Off fifty miles, on a course northeast by east one-half north of Copper 
Harbor, August 24, 116 fathoms, soft clay. 
In Neepigon Bay, due north of Saint Ignace station and half a mile 
from the shore of Saint Ignace Island, August 28, ·32 fathoms, very soft 
clayey mud. 
In the co,Te at the eastern end of Saint Ignace Island, near Saint 
Ignace station, August 29, 4 to 6 fathoms, sand, with some mud, bits of 
wood, &c. 
About three miles south of the sa,me cove, August 29, 73 fathoms, 
soft clayey mud. 
In a small harbor on the south side of Saint Ignace Isla-r:id, between 
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the main island and a smaller one, and due south of Saint Ignace 
station, September 4, two hauls, 8 anu 10 to 13 fathoms, a little sand 
and mud brought up with great quantities of the same species of 
alga found at Simmon's Barbor, and which, according to Prof. D. 0. 
Eaton, who kindly examined it for me, is a small, densely-tufted specie~ 
of Ol~oplwra, possibly C. glomerata Linn., a most variable species, but 
the specimens do not well correspond with authentic ·ones from Ger-
.many. This alga was brought up in immense quantities, the dredge 
being full at each haul. 
Ou a line between Michipicoton Island aud Copper Harbor, and about 
thirty-seven miles from the island, September 7, 14 7 fa tu.oms, soft clay. 
From this list it is readily seen that, in all the deeper parts of the lake, 
the bottom is covered with a uniform deposit of clay or clayey mud. 
All the soundings made by the lake-survey show the same thing, the 
specimens of the bottom brought up from deep water by the lead being 
everywhere of the same charact~r, varying only in color and somewhat 
in the amount of sand mixed with the clay. Tile color was not uuiform 
even in the same dredgeful; drab and bluish masses of the clay being 
frequently mixed with brown or reddish lumps. In deep water, drab and 
bluish were the prevailing tints, however. Water was taken from the 
bottom at many points, and was everywhere perfectly fresh. That from 
169 fathoms gave no precipitate with nitrate of silver. 
The temperature, everywhere below 30 or 40 fathoms, was very uni-
form, varying only slightly from 39°, while at surface, dnring the season 
at which the dredging was carried on, it varied from 50° to 55°. 
The fauna of the lake-bottom corresponds with these physical condi-
tions. In the shallow waters along the shores, the fauna varies with the 
varying. character of the bottom, while below 30 to 40 fathoms, where 
the deep-water fauna properly begins, the same· species seem to be 
everywhere nearly uniformly distributecl. down to the deepest points. 
The soft clayey bottom is, however, very unfavorable to most forms of 
animal life, and, as we might expect, the fauna of this region is very 
meager. Except among the worms, it seems to have scarcely any species 
peculiar to it, and is characterized rather by the absence of many of the 
shallow-water species than by forms peculiar to itself. 
Besides the dredgings made by the lake-survey, Mr. J. W. Milner 
dredged, in 1872, in 60 fathoms off Outer Island, anu obtained several 
of the . pecies which had been found the year before. 
It is proper that I should make a special acknowledgment to Professor 
Ven-ill for the assistance be has given me in the preparation of this 
paper. The account of the worms in the preliminary report referred to 
w .1 , prepared wholly by him, and in the following pages the enumera-
tion and description of the species of that class, with which I am unac. 
qn 1i · ·l, 1 1 b ·• 11 m i1 · up wholly from his published papers and 
i11t n t • , ·1 1·r·i.1 l acknowledgments to Messrs. Temple Prime 
• ,u I, ~I. · lI •a I . for assistance in determining some of the species 
t' folll , ,, will be found under that group. 




::\fany <liff\m~nt i-;pccics of two-winged flies in the lan·a sta::{e inhabit 
the ,,·atPrs of L,ike Hnperior. The great majority of tlie specie~, how_ 
e,·er, iuhauit only the shallower waters, a.nJ are never found below the 
(!Ppth of a few foet,; an1l snch species are Yery much more abundant iu 
pooh,, marshes, &c., in the vieinity, tlrnn in the pure an<l cold waters of 
the lake itself, where, it seemed to me, there were much fewer of all 
kinds of insect larv:e titan in the lower lakes. The slender worm-like 
Ian·m of the uumcrous species of Ohironoorns were not uncommon· in 
dre<lg'ings even from great depths, and some of the species apparently 
live in abnnd,tuce over the entire bottom of the lake. The species of 
tll(: genus seem to be v-cry generally diffused; the larvm of some of the 
species even iu habiting salt-water. The wingecl insects them.sekes are 
delicate, mos<1nito-like tlies, with plnmo~e auteunm, and often swarm iu 
vast nnmhers auout ponds a.nd mar~hy ground. I mention a few of the 
different forms of these ln,rvrn fonnll in the lake. These forms of larvm 
may caeh, very likely, represent seveC"al species in the adult state, l>nt 
for the preseut purpose it is convenient to speak of forms which cau be 
disti11g-uisheu while larvm. 
Cm1wNmrns, s1wcie:-1, a. (Plate IIT, figs. 20, 21.) 
A large opa(Jnr-white larva arnl its pupa were common in all the shal-
lowor l1rrnlgings a11<1 <lowu to 32 fathoms. f.ruvm and pupffi of appar-
c11 tly the san1e form were found in the stomaehs of white-fish taken at 
Sall(l Island. a1Hl at Sault Sainte Marie. 
Cunrn:Nmrus, species, b . 
.A se111i-trauslucent lan·a, rn uch more slender than the last, was founfl 
in many of the shallow dre<lgiugs, aml was often common, eveu down to 
1-17 fatl10111s. Tile same form was found iu alrnn<lance in the stomachs 
of whi te-flsh taken at Outer IshttH.1. 
Cnmo~<Drus, species, c. (Plate III, fig. 23.) 
A small entirely l>looil-red larva occ•.urrcll in G to 8 fa,thoms among 
the !-,1,Lte fala11d:-;, a1ul in 8 to 13 fat,hom:-, amoug Olarlophora, &c., on the 
8outh 8itle of 8aint Iguace falau<l. · 
NEUllOPTER.A. 
}.fa11y s1wei1_•s of Xcuroptcra, <~spcdall.r of I}phenwridw an(l l'/u'yga-
ncidfc~ are found alJout tlrn lake, but, as iu the case of the DiJ_Jforu, :_110:st 
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of the species are confined to the shallow pools and other small bodies 
of water ab~ut the lake, and do not occur, or only very sparingly, in the 
lake its~lf'. 
EPHEMERIDlE, species. 
The larva of one species was dredged in 32 fathoms in Neepigon Bay. 
The species of this family did not seem to be abundant in the lake 
itself, and the cast skins of the pupoo were nowhere, as far as my obser-
rntions went, in such g-reat abundance as they are on the lower lakes. 
l ' 
HYDROPS YCHE, species. 
The larva of a species, belongio.g apparently to this genus, was 
dredged in 13 to 15 fathoms at Simmons'. Harbor. The larvoo, pupm, 
and sub-imago of the same or a closely-allied species were found iu great 
abundance in stomachs of white-fish taken at Sault Sainte Marie. 
PHRYGANEIDlE, species. (Plate III, figs. 18, 19.) 
The larvoo of another Phryganeid,, inhabiting a cylindrical, taperingt 
tube, composed of bits of the stem of the Oladvphora, among which 
it.lives, were abundant in 8 to 13 fathoms on the smith side of Sa.int 
Ignace Island, and in 15 to 18 fathoms at Simmons' Harbor. Tlie larvffi 
and pupoo of the same or au allied genus were found in the stomachs 
of white-fish taken at Sault Sainte Marie. 
ACARINA. 
HYDRACHNA, species. 
A small, dark-colored species was dredged in 4 to 6 fathoms in the 
cove at the eastern end of Saint Ignace Island. A species, apparently 




' m RUS VIRILIS Hagen. (p. 638.) 
C'A:\IBARUS PROPINQUUS Girard~ (p. 638.) 
(' :m i l' US RUSl'ICUS Girard. (p. 639.) 
<' :m l' l BARTONII Eri~kson. (p. 639.) 
!\h · R IOTA Lov~n. (p. 642.) 
TETRADECAPODA. 
AMPHIPODA. 
~ DENTA.TA Smith. (p. 64-5.) 
o I I , 'mi h. (p. 6!7.) 
1 ,• .' 'll; b. (1), 651.) 
• • r • ULLl, •. 1i th. (p, 651,) 
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ISOPODA. 
_,_\SELLOPST::i '.I.'E~.\.X Harger, (p. G;":,!).) 
ESTO)IOSTH. .. \.CA. 
CLADOOERA. 
DAPII.:-{L\. G.\.L1~AT.\. G. 0. Sars. (PLtte If, fig. 11.) 
Om c11 i So111nwren 11':l:i·!, forct,aglm zno1ogi,;k U.ebD i Cliristia,nias og Teon1lhjems 
Stiftor, p. :.!l, t:-:(i:l, (11':;fe l\Iiillor ;) E. P. :'!Iullur, Dmuna,rlrn Cladocera, Natnrhis-
tori-_k Ti<bskrift, III, vol. v, p.117, pl. 1, fig. G, I.-,G8. 
A specit>~ of Dr11>hnia, wllich I canuot diseover to differ in the least 
fro111 Mii.ller'~ <lescl'i ption au:l bean ti fol fL~·1ues above ref0ere :l to, wa:.;, 
t,tkt\ll qnite ahmulantly 11ear the snrf'ace of the water a few mi1Ps south 
of Hai11t lg-11ace l~lall(l Angust :..rn, 1871, arnl was foull(1 iu the dredg-A 
from 72 fathoms at the same loc~lity. It was also found in the deeper 
<ln•dg-ing:-:- in rna11y parts of tlte lake, but \nts Yery likely taken each 
time lll',1r the snrfaee in tho tlre<l~e on Hs way up. A few Rpccimens 
occnne<l in tho stomachs of the white-fish taken at On ter Islaud ancl at 
Sault Sai11tc 1\fario. 
~rliis an<l tlte 11ext Rpecies arc transparent, an1l seem to be free-1~wim-
rning animal:~, inlt,t,biti11g the waters of the lakes :1,wa,y from the ,vcedy 
1-,hores or hot.tom, where most of the other species of tlH~ g8n as are 
fonrl(l. Itt rn,irope, this species is fonrnl in tlle lakes of s~:rnrlinada and 
Denmark, where it appears to have prncisely the same habits as in Lake 
Snpcrior. 
It is possible that a minute C,)llli_>arison of specimens fr,>m E ar,)pe aud 
;.\.mcrica, may rm·eal some diff0r·ence~; simila.r to those which I have 
notieed in the speeic .. ,; of L'onto;>orcict frnm the two con11tl'ies, but with 
tlte figures aatl desL!ription referrou to I c:tn fintl absolutely no differ-
ences. 11he American specimens exhibit the same varieties of form in 
the head and te~te as are described hy ;\Hiller in Etiropeau specimeus 
DA.PIINIA PRLLUCIDA. :M:iiller. 
Op. cit., p. 116, pl. 1, fig. 5. 
The rein arks in regard to the itlentity of the last species ap,_)ly equally 
to this. Thi:-; spr,cics differs from tlw last in lrndng the ro:..;trum some-
vi'l1at acnte mid c11rvecl backwan1 iustea,11 of trancate, an(l iu having 
tlte can<lal sty lets armed near the b,tsn with a, series of sleutler teetJ1 or 
Hpines a111l the rest of the way with very slender setre, while in D. galeata 
thl'Y arc without teeth or spines, and are fnrnisbed with setm through 
their whole length. The front of the hcatl is also more evenly rounded 
and less creste1l than it ever is in D. galectta, although that species 
varies mnch in this respect. 
~rltis SJH',CiPs w,ts taken at the same times an(l places as the Jast, and 
was abm fo11ad umoug- the content:, of \rhitc-Iish stomachs from Outer 
b]arnl. 
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DAPHNIA PULEX (Y). 
Baird, Nat. Hist. British Entomostraca, p. 89, pl. 6, figs. 1-3, 1850 ; Lilljeboql 
Cladocera, Ostracoda et Copepoda _in Scania, 'P· 30, pl. 2, figs. 2, 3, pl. 16, figs. 
10-12, 1853; Leydig, Natux:geschichte der Daphniden, p. 117, pl.1, figs. 1-7, 
1860; Millier, op. cit., p. 110, pl. 1, fig. 4. 
A species which it is not easy to distinguish, by the figures and 
descriptions referred to, from the common Daphnia of Europe was 
found in great abundance in a small pond at Sault Sainte Marie by 
Mr. J. W. Milner. A more careful examination than I have been able as 
yet to make may, however, show it to be a distinct but very closely allied 
species. 
BosMINA, species undetermined. 
Taken at .the surface a few miles south of Saint Ignace Island. 
EURYCERCUS LAMELL.A.TUS Baird(¥). 
Op. cit., p. 124, pl. 15, fig. 1. 
Lyneeus lamellatus Lilljeborg, op. cit., p. 71, pl. 5. figs. 7-12; pl. 6, figs.1-7; pl. 7, 
fig, 1, 1853; Leyd'ig, op. cit., p. 20s, pl. 7, figs. 52-56, pl. 10, fig. 72. 
A species of Eurycercus, identical with or closely allied to the typical 
species of Europe, was dredged, among Oladophora, in 8 to 13 fathoms, 
on the south side of Saint Ignace Island, and is, doubtless, common in 
other similar situations. 
LEP1'0DORA HY.A.LINA Lilljeborg. 
Ofversigt af Vetenskaps Akademiens Forbandlingar, 1860, p. 265, pl. 7, figs. 1-22; 
Miiller, op. cit., p. 226, pl. 6, figs. 14-21; G. 0. Sars, Om en dimorph Undvik. 
ling samt Generationsvex13l hos Leptodora, Forhandlin ger i Vidensk. Selsk. i , 
Christiania, for 1873, pl. 1; Weismann, Ueber Bau und Lebenserscheinunge~ 
von Leptodora hyalina, Zeitschrift fiir wissenschaftl. Zoologie, vol. xxiv, p. 
349, pls. 33-38, 187 4. 
A single somewhat mutilated specimen, which agrees well with the 
descriptions and figures above referred to, came up in the dredge a few 
miles south of Saint Ignace Island, in company with Daphnia galeata,. 
D. pellucidq,, &c., and, like them, was undoubtedly taken in the dredge 
on its way up. It is one of the largest and most remarkal?le forms of 
Cladooera known. It is wholly transparent, and grows to fully half an 
inch in length. The shell .is very small, and incloses no part of the 
body; the head with the large eye at its extremity is produced far for-
. ar<l; the basal portion of the natatory appendages is long and very 
· tont, while the rami are comparatively short and four-jointed; the six 
1 1ir of I · are crowded together below the natatory appendages; and 
l , t. 111 en is very long, and the last segment terminates in two stout 
OSTR.A.OODA. 
• h 11 , i 1g to several different genera were 
p •i1 t i t• t he I 1· ·, one or two species occurring 
( 
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even down to 159 fathoms. They were more abru1dant, however, in 
shallow water, and were especially numerous in 8 to 13 fathoms, among 
Vladophora, on the south side of Saint Ignace Island. · 
OOPEl?ODA. 
Several species of Oopepoda were often very abundant at the surface 
of the water, while I was on the lake, and large numbers were collected. 
Species were also brought up in the dredge at almost every haul, most 
of them the s~me species as those obtained near the surface, but some 
were differe:nt and undoubtedly from near the bottom. They were almost 
always abundant in the dredgings in which Mys-is occurred, apparently 
furnishing most of its food. 
SIPHONOSTOM.A.. 
LERNJEOPOD.A. SISCOWET Smith. (p. 664.) 
LERN1EOPOD.A. (!) ()OREGON! Smith. (p. 664.) 
WORMS. 
OLIGOCHJETA. 
LUMBRIQUS L.A.CUSTRIS Verrill. 
American Journal of Science, 3d series, vol. ii, p. 449, 1871; and Preliminary 
Report on Dredging in Lake Superior, p. 1023, 1871. 
About 42mm long, 1mm in diameter. Body round, distinctly annulated. 
Head short, conical, obtusely pointed. Setoo spine-like, strongly curved, 
acute, arranged two by two, those of each pair close ,together. Color 
reddish brown. 
Abundant, in 8 to 13 fathoms; among Oladophora, on the south· side 
of Saint Ignace Island; also from the stomachs of white-fish taken at 
Outer Island. 
SJENURIS .A.BYSSICOLA Verrill. 
American Journal of Science, 3d series, vol. ii, p. 4t9, 1871; and Preliminary 
Report on Dredging in lake Superior, p. 1024, 1871. 
Worm slender, attenuated posteriorly, about 7mm,5 long, Qmn\75 in 
diameter anteriorly. Body composed of about twenty-eight segments; 
those of the posterior half elongated ; those of the anterior half shorter, 
separated by slight constrictions. Cephalic lobe short~ subcouical, 
rounded in front. Mouth large, semicircular. Intestine slender, mouili-
form, containing sand. Anus termiual, with three or four slight lobes. 
Setoo in four fan-shaped fascicles on each segment, commencing at the 
second segment behind the mouth. The two ventral fascicles are sepa-
rated by a space equal to about twice the length of the setoo, of which 
there are five or six in each fascicle; the setoo are simple, acute, slightly 
curved, equal to about one-sixth the diameter of the body. The lateral 
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fascicles contain. three to five somewhat shorter and straighter simple 
setre. One specimen appeared to have four minute ocelli upon the up-
per side of the head. 
Dredged off Copper Harbor, 17 fathoms, sand; off Simmons' Harbor, 
60 fathoms; and on the line from the Slate Islands toward Stannar<li 
Rock, fourth haul, 159 fathoms. 
S..ENURIS LIMICOL.A. Verrill . 
.American Journal of Science,. 3d series, vol. ii, p. 450, i871; and Prelinuna'ry Re-
port on Dredging in Lake Superior, p. 1024, 1871. 
Worm more slender than the precedin.g, atten.uated posteriorI1, 
composed of about 44 segments. Length about gmm, diameter omm.4, 
Cephalic lobe blunt, conical. Setre in four fascicles upon each segment, 
six to eight in each fascicle anteriorly, four or five posteriorly. The 
setre in all tbe fascicles are relatively long, slendel', curved, and acute. 
Two tortuous red blood-vessels pass along the intestine, forming a. loop 
at each segment. Intestine moniliform. 
Dredged on the line between the Slate Islands and Stannard Rock, 
fourth haul, 159 fatboms. 
CHmODRILL us Verrill. 
Allied to Srenuris, but with six fan-shaped fascicles of setrn upon each 
segment, two of which are ventral, two lateral, and two subdorsal; setrn 
in the ventral and lateral fascicles four to nine, simple, acute, slende'r, 
curved like an italic f; those of the dorsal fascicles stouter and less 
curved, three to six in each fascicle. Intestin_e wide.1 somewhat mon.ili-
form. Anus terminal, large. 
CmRODRILLUS LA.RVIFORMIS Verrill. 
American Journal of Science, 3d series, vol. ii, p. 450, 1871; and Preliminary Re-
port on Dredging in Lake Superior, p.1024, 1871. 
Body rather short and not very slender; cylindrical, obtuse at both 
ends, distinctly annulated, composed of about 38 ring~. Length about 
7~_m,5; diameter, Jmm.25. Cephaiic lol>e short, conica~, obtuse; mouth 
large, semicircular beneath. Ventral fascicles of setffi near together, 
with about fise setrn, which are rather short, simple, acute, little 
curved; lateral fascicles with fl. ve or six setrn of similar form and size ; 
subdorsal ones similar. When preserved in alcohol, the body is usually 
curved ventrally, or in a simple coil. Color, when living, translucent 
whitish; intestine slightly greenish. A thickened smooth zone com-
mences behind the tenth setigerous ring, occupying the space of about 
four segments. 
0 1 · Copper Harbor, 17 fathoms, sand; off Simmons' Harbor, 59 fath-
om clayey mud. 
· • , RUM Verrill. 
0111 1 or ·1 1 • •, :: I i1 , - , ii, p. 450, 1871; aud Preliminal'y 
t I IJ 1 • 11J T 1 ,. u 11 rior, p. 10'.l4, 1871. 
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Hnheyli111hi1·al, tltickt>r anteriorly, 1listinetly rwnn1ated, composecl of 
a l,ou t ..J:2 Ht>gnieu ts. Le11gtl1, G"rn'; <lia111der, about 0""".5. Ueplia1 ic lo be 
short, conil'al, obtns<·; month large~, se111icircnlar. Ve11tral fasciulu:S ,-ritll 
eigltt or 1ii11L' :-;eta• a111.C'rior1;i·; fh·c or six vosteriorly. Tile :setm are 
1011g, HlP11<ll'r, acntl', i-;tro11g·ly cnrve<l; tho:--e on the i11forior side of the 
fosciclei,; n<•ady twice as long as those of thu upper :::;ide; st~Ue of the 
lat<•ral fascick .. :-; lin• m six, slender, nearly a:-; long as t~wse of the vpntral 
om•s, and :--irnilar i11 form; dorsal fasrieles with fu11r or ti ,ye t;liorter, 
stonter, aiHl strn ig-htPr, acnte setm. 
Six mile8 sontlm1st of Passage Isla111l, 47 fat,homs; on li11c from tlle 
Slate IHlands towanl Stan11ar<l Rock, fonrth hanl, 15D fatho111t:\. 
'l'unIFEX PIWFCNJHCOLA Verrill. 
Aut('rican Jonrn:tl of Science, ~d s1,rie~, yol. ii, p. ,1GO, 1871; and Preliminary 
Report 011 Dre<1ging in L:1ko Snperior, p. 10;.H, ld71.. 
A rather stont species for the g-cnns, ab,rnt ~3m"' to 3;:,•nm b11 6·, 1m
111 .23 
in diarneter :rnteriorly, more slcmler posteriorly, (Om"'.3 in diameter.) Ce-
plialic lobe short, conical; one specimen a ppa,reutly irnd tvrn minute ocelli. 
1'lonth lal'g0, smnicircular. Intesti110 m 1rniliLmn, ,vitlt two simple reel 
bloo<l.-\·csscls 1·u1111i11g along its whole length and uniti11g at the constric-
tions. In the first lh·e or six Sl~g'men ts, there are s1ender Yessels of 
1wady nnifonu size, wllieh for111 laternl loops in eaeh s~gment. Anus 
terminal, Wille, \\·itlt al)Ollt ten s11utll lob~:3. Sebe in foar fa:-3:~ieles upon 
each i:mgmeat. 'rhosc of tbe. lateral fascicles three anteriol'1y, ofton bnt 
two, short, slightly cmTed, mostly \Yith 1uinnte forkeu allll houkell tips; 
those of the rn11tral series in faseicles of fonl' to six, three or fou_r times 
louger tlmn the uppm· ones, coasitlet"<tl>ly beut, the eutl:-3 minntely liooketl 
autl fork.ml. 
Neepigo11 Day, 3~ fathoms. 
mm L LO J) EA. 
l\fACHOBDELLA DECO RA Verrill. (p. GH8.) 
Collucted at :\Iadeliue Isla.nu lJ_y ::.\1r. J. \V. l\lilner. 
A ULA~To:mm LA<7US1'H.E Leidy. (p. G7 0.) 
Lake Superior, (IPidy.) 
~E::\HSCOLEX GH,A~Drs Verrill, 'l)(tr. maculo1m,. (p. G73.) 
Uollccte<l at :\Iatlcline lslau<l by Mr. J. '\V. l'l1i1ner. 
NEPirnLIS LA'l'ERALIS Verrill. (p. G7G.) 
Collecte<l with the L1st species at :\I,t1b1ine Is1and lJy Mr. Milner, aid 
a young Rpecimcu was also dredgetl in G to 8 fa,thoms among t-lle Slate 
Isla.111 ls. 
NEPIIELIS :FERYIDA Verrill. (p. G7G.): 
Dre<lgetl iu lSi'l, in 8 to 13 fathoms, on the sonth side of Saint Igna,ce 
J.-;lau<l; also from sto:11,wll of 0Jrcgo1ws qwcclrilateralis takja at 1LHle-
liue lslauu. 
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CLEPSINE PARASITIC.A Diesing. (p. 678.) 
Judging from the extreme northern and western range of this speciefll 
it must occur in Lake Superior. 
CLEPSINE P .APILLIFER.A Verrill. (p. 683.) 
Collected at Bad River by Mr. J. W. Milner. 
l0HTHY0BDELL.A PUNCT.AT.A Verrill. (p. 687.) 
Dredged in 6 to 8 fathoms among the Slate Islands. 
TURBELLARIA. 
PR0C0TYLA FLUVIATILIS Leidy. 
Dendrocmlum 11uperbum Leicly, Proceedings .Academy Nat. Sci. Philadelphia, vol, 
v, 1851, p. 288, (non Girard.) 
Procotylafluviatilis Leidy, MSS.; Stimpson, Proceedings .Aca.demy,Nat. Sci. Phila-
delphia, vol. ix, 1857, p. 23; Diesing, Revision der Turbellarien, Sitzungsb~ 
ricbte der mathem.-naturwissensch. Classe der kais . .A.cad. der Wissensch. zu 
Wien, 1861, p. 517; Smith and Verrill, .American Journal of Science, 3d series, 
vol. ii, p. 452, 1871; and Preliminary Report on Dredging in Lake Superior, p. 
1025, 1871. ' ,.,) . 
. . 
Numerous specimens of this species were dredged in 8 to ~3 fathoms 
among Oladophora on the south side of Saint Iguace Island. When 
living, they were dirty-white, mottled with brown. 
It is not uncommon uear New Haven, Ooun., and in other parts of 
New England. 
MOLLUSCA. 
The following list of the mollusks of Lake Superior is largely a com-
pilation from the pub'licatious of Say, Haldeman, Gould, Lea, Prime, 
ancl Binney, anu no sort of revision of the species has been attempted. 
I have, however, in all cases given the authority for the insertion of the 
species when I have not observed them m~·self. 
GASTROPODA. 
For the identification of several of the following species collected by 
myself I am indebted to Charles M. Wheatley, esq., of' Phmnixville, Pa. 
For convenience of identification I have added, under most of the spe-
r-i ·~, 1· 1'1 't 111• 1 • to Parts II and III of Mr. Binney's Land and Fresh-
~ 11 •r Shells of North America, published in 186G in the Smithsonian 
_ Ii d I 11 ., • Collect.ions. 
WARINAT.A. Say. 
~11 n op, cit., part iii, p. 9, 
1 tl • l · 1 , llit ' 11 h t, ,ken at Sault Sainte Marie and the 
1 t Sand Island. 
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V ALVATA SINC'ERA Say. 
Binney, op. cit., part iii, p. 12. 
Dredged in g1·eat abundance in 8 to 13 fathoms, among Oladophora, on 
tlle south side of Saint Ignace; in 4 to 6 fathoms in the cove at the east-
ern end of the same island ; in 6 to 8 fathoms among the Slate Islands; .... 
and in 13 to 15 fathoms at Simmon's Harbor; also with the last species 
from stomachs of white-fish and sturgeon. 
MELANTH0 P0NDE&0SA (Say, sp.) 
Binney, op. cit., part iii, p. 36. 
Lake Superior, (Bin!ley.) 
AMNI00LA P ALLIDA Haldeman (7). 
Binney, op. cit., part iii, p. 83. 
An A.mnicola, found in great abundance in the stomach of white-fish 
t.aken at Sault Sainte Marie, is doubtfully identified with this species by 
Mr. Wheatley. / . 
A.mnicola limosa Say, (Binney, op. cit., part iii, p. 84,) probably occurs 
in Lake Superior, although I do not find it recorded from the lake. 
AMNICOLA GRANUM Say. 
Bi~ney, op. cit., part iii, p. 86. 
North shore, (Gould.) From stomach of white-fish taken at Sault 
Sainte Marie~ 
GONIOBA.SIS LIVESCENS. 
Tryon, American J ourna.l of Concbology, vol. ii, p. 33; figs. 205-207, 1866. 
From stomach of white-fish taken at Sault Sainte Marie. 
PLEUR0CERA SUBULA.RE (Lea, sp.) 
Tryon, loc. cit., vol. i, fig. 67, p. 307, 1835. 
LIMN.<EA S'11AGN.ALIS Linnreus. 
Binney, op. cit., part ii, p. 25. 
Described first from Lake Superior by Say, (under the name L. jugu-
laris.) Northern shore, (Gould.) 
~IMN...EA 00LUMELLA Say. 
Binney, op. cit., part ii, p. 32. 
Lake Superior, (Binney and others.) 
LIMN.<EA MEGASOMA Say. 
Binney, op. cit., part ii, p. 37. 
Lake Superior, (Binney.) 
Limnrea palustris Miiller, (Binney, op. cit., part ii, p. 44,) doubtless 
occurs in Lake Superior, since it ranges north to Lake Winnipeg and 
Great Slave Lake. 
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LmN1EA DESIDIOS.A. Say. 
Binney, op. cit., part ii, p. 48. 
Northern shore, (Gould. 
LD!N1EA EMARGIN.A.T.A. Say. 
Binney, op. cit., part ii, p. 51. 
Lake Superior, (Binney.) 
LIMN1EA CAT.ASCOPIUM Say. 
Binney, .op. cit., part ii, p. 53, 
Northern shore and Fort William, (Gould;) also from the stomach 
of sturgeon taken at Sand Island. 
LIMN1E.A. CAPER.A.TA Say. , 
Binney, op. cit., part ii, p. 56. 
I fonnd this species in abundance upon the rocky shores of Saint Ig,na~ 
Island and at Michiyicoton Island; also from the stomach of a wllite-fi.sh 
taken at Sault Sainte l\iarie. 
LIMN1EA HUMILIS Say. 
Binney, op. cit., part ii, p. 63. 
l\Iichipicoton, (Gould.) 
LIMNA:A. LANCE.A.TA Gould. 
Binney, op. cit., part ii, p. 68. 
North sbore, (Gould.) A species which Mr. Wheatley identiftes with 
this was dredged in abundance in 8 to 13 fathoms, among Oladophorll, 
on the south side of Saint Ignace Island. These specimens are, however, 
much less elongated than the figures of L. lanoeata; approaching1 it 
seems to me, much more nearly to L. desiiliosa. 
PHYS.A. VINOS.A. Gould. 
Binney, op. cit., part ii, p. 80. . 
Dredged in 6 to 8 fathoms among the Slate Islands; 3:lso; from the 
stomach of white-fish taken at Sault Sainte Marie. 
Pn · A CILLA.RIA Say. 
I 1 11 ., , op. cit., pa.rt ii, p. 81. 
Dredg 11 in 8 to 13 fathoms, among Oladop1wra, on the south side of 
Saint Ignace Island; also, common upon the shores of Saint Ignace, 
Michipicoton Island, and other places on the shores of the lake. 
P HYS.A. HETEROSTROPH.A. Say. 
Bi urn , op. cit., pa.rt ii, p. 84. 
1 
1 • ~•·• in 4 to 6 and 8 to 13 fathoms at Saint Ignace Island; Black 
l'i ver, Pie Island, l◄1ort William, (GooJd.) 
703 
,..,., :.,, 11 ,. •··t.. 11: rt ii, p. ! • ,) probably 
it e ·t •· nds t'ar to the 
PL onnr · mo RI T t ~ Say. 
Bi111u .· ,op.cit., part ii, p.123. 
Sault Saiute Marie, Black River, (Gould;) also, from stomach of 
sturgeon taken at Saud Island. 
PLANORDlS TRIVOLVIS Say. 
Binney, op. cit., part ii, p. 115. 
Occurs at Marquette aud doubtless at other points on the lake. 
PLA.NORBIS CA.MP A.NULA.'rUS Say. 
Binney, op. cit., part ii, p. 109, 
I found this species at Marquette aml at Traverse Island, Keweenaw 
Bay. 
GYRA.ULUS PA.RVUS (Say sp.) 
Binney, op. cit., part ii, p. 133. 
Common in 8 to 13 fathoms on the south side of Saint Ignace Island, 
and in 6 to 8 fathoms among the Slate Islands; also, from stomach 
of white-fish taken at Sault Sainte Marie. 
Gyraulus dejfectu,s (Binney, op. cit., part ii, p. 129) probably occurs in 
the vicinity of the lake. 
Segmentina arm·igera H. aml. A. Adams, (Binney, op. cit., part ii, p. 
137,) extends from New York State to Great Slave Lake, and probably 
occurs with the last species. 
LAMELLIBRANCHIATA. 
For the identification of most of' the species of Sphrerium and Pisidium 
collected by myself I am greatly indebted to Temple Prime, esq., of New 
York. References to Mr. Prime's "Monograph of American _Oorbicu-
ladre," published in 1865, in the Smithsoniou Miscellaneous Collections·, 
are added uuder the species of that family. 
SPH.1ERIUM SULCA'l'UM Prime. 
Op. cit., p. 33. 
Sault Sainte Marie, (Gould:) 
SPH.1ERIUM A.UR!U:M Prime. 
Op. cit., p. 35. 
Lake Superior 1, (Prime.) 
SPH.1ERIUM STRI.A.TINUM Prime. 
Op. cit., p. 37. 
A very small specimen was dredged in 8 to 13 fathoms, among Olado-
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phora, on the south side of Saint Ignace Island. It was also found in the 
stomachs of white-fish taken at Sault Sainte Marie, and in the stomach 
of a sturgeon taken at Sand Island. · 
Small specimens of the variety acuminatum Prime were dredged in 6 
to 8 fathoms, among the Slate Islands. 
SPH~RIUM FAR.A.LIS Prime. 
Op. cit., p. 40. 
Lake Superior, (Prime.) 
SPH~RIUM EMARGINATUM Prime. 
Op. cit., p. 43. 
Region of Lake Superior, (Prime.) 
SPH~RIUM FLAVUM Prime. 
Op. cit., p. 43. 
Sault Sainte Marie, (Prime.) 
SPH~RIUM JAY.A.NUM Prime. 
Op. cit., p. 46. 
Lake Superior, (Prime.) 
Spkmrium partumeium Prime (op. cit., p. 45) undoubtedly occurs in 
the region of Lake Superior, and probably many other species will be 
found there. 
PISIDIUM VmGINICUM Bourguignat. 
Prime, op. cit., p. 61. 
I 
Dredged in abundance among Oladopkora in 8 to 13 fathoms on the 
south side of Saiut Ignace Island. Mr. Prime remarks that the speci-
mens are unusually light and fragile. 
PISIDIUM COMPRESSUM Prime. 
Op. cit., p. 64. 
Dredged in 4 to 6 fathoms at the eastern end of Saint Ignace Island. 
PISIDlUM ABDITUM Haldeman. 
Prime, op. cit., p. 68. 
Varieties of this species were dredged among Oladophora, in 8 to 13 
f"thoms, on the south side of Saint Ignace Island; in 6 to 8 fathoms at the 
eastern end of the same island ; and in 15 to 18 fathoms, sandy bo.ttom, 
at Simmons' Harbor. 
PrsmIUlI ADDITUM, var. ADYSSORUM Stimpson, MSS. 
Thi i · a very small translucent form, dredged by Dr. Stimpson in 
l • • li?higan, and by him named in manuscript. Mr. Prime, bowe;er, 
1· 1t · a stunted form of P. abditum. Dr. Stimpson's specimens 
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"•·n· cl n + ,·ii in .111 , .ill fa I li11rn off Racine. Iu Lake Superior, it was 
common in 1 • c< , •· at I he eastern encl of Saint Ignace, on a sandy and 
mu<lil. · bottom, in ..i to 6 fathoms, and abundant among Oladophora, in 
8 to 1:' r, thoms, on the south side of that island; among the Slate 
Islands, in G to 8 and 12 to 14 fathoms; at 13 to 15 fathoms on a sandy 
bottom in Simmons' Harbor; near Copper Harbor, in 17 fa'thoms, clear 
sand; in 32 fathoms, very soft clayey mud, in Neepigon Bay; off Cop-
per Harbor, in 62 fathoms; and north of Keweenaw Point, in 82 fathoms, 
soft reddish clayey mud and sand; and in all the deep dredgings down 
to 159 fathoms. Below 100 fathoms, however, it was never abundant; 
and all the specimens from deep water were much smaller and more. 
fragile than the majority of those from shallow water. Apparently, 
great depths are not favorable to its growth, and it never reaches its 
full development in such places. It was found in great abundance in 
the stomachs of white-fish taken at Outer Island. 
'' Pisidium abysomus Stimpson," mentioned, without description, l>Y 
Hoy, (Transactions Wisconsin Academy, vol. i, p. 100, 1872,) is undoubt-
edly this variety. 
PISIDIUM ROTUNDA.TUM Prime. 
Op. cit., p. 72. 
Region of Lake Superior, (Prime.) 
UNIO RA.DIA.TUS Lamarck. 
North shore, (Gould.) 
ANOD0NTA. PEPINIA.NA. Lea. 
Transactions A.mer. Philosophical Society, vol. vi, pl. 16, fig. 51. 
North shore, (Gould.) 
RADIATA. 
HYDRA. CA.RNEA. Agassiz. 
Proceedings Boston Society Nat. Hist., vol. iii, 354, 1850; Ayres, Proceeding~ 
Boston Society Nat. Hist., vol. v, p. 104, 1855; A. Agassiz, Illustrated Cata-
logue Mus. Comparative Zool., North American Acalephre, p. 197, 1865. 
A beautiful Hydra,, agreeing with Ayres' description of this species, 
was very abundant at the eastern end of Saint lg_nace, upon rocks along 
the shore and near the surface, freciuently completely covering quite 
large surfaces where they were protected from the direct sunlight, and 
was also brought up in many o( the dredgings from 8· to 148 fathoms. 
In 32 fathoms, Neepigon Bay, and in 59 fathoms, off Simmons' Harbor, 
it was brought up in abundance from a soft clayey bottom. In the 
deep dredgings it frequently came up near the · bottom of the clay in 
the dredge, and was evidently not caught while the dredge was near 
the surface. 
S. Mis. 7 4-45 
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Bathyrnetrical distribution of species. 
I have already alluded to the meagerness of the deep-water fauna of 
the lake, and to the uniform character of the bottom everywhere below 
30 to 40 fathoms. Although our knowledge of the fauna of the lake is 
still very imperfect, enough facts have been presented to show that 
very few, if any, of the species which inhabit the lake are confined to 
the deep waters, and that the change from the shallow to the deep 
water fauna takes place at a depth of ab<;mt 30 fi"thoms, at which' depth 
the character of the bottom and the annual temµerature both become 
nearly uniform. The following table will present more clearly the dis-
tribution of the species in depth. Under the first column I have checked 
those species which are really free-swimming animals, most frequently 
found at the surface; and under the second, those which live in very 
shallow waters along the shores, &c. The table is of course very im-
perfect, even for those species which are included. Most of the species 
of Mollusca, which now appear only in the second column, undoubtedly 
occur in 4 to 8 fathoms or deeper; but I have only checked the species 
as far as they ha"\'e actually been oqserved at the depths indicated, 
Depth in fathoms. 
Surface. Shore. 1-----r---~----r---,----
4-8. 10-20. 30-50. 60-100. 100-\ •• 
--------------1------ -------------
L'ISECTS, 
l~~~if!Il\\\\I\\\\\tll\\~I !II: :3'.'.: ···I··· ___ I ___ :;;L i)iii }ii~ 
CRUSTACEA, 
Cambaru11, several species.................. . ... ... . x ....................................... . 
i;b.¥,~~~f/\i\\\~~:;;:~:::~\~~;: ::::::i :;};:: ·--;--- ---;---<··· ···> <··· 
~nuiftouJ\facil!a .•..........•.•...•••.................• :: x x : : : :: : :: : :: ::::: : ::::::: 
D!lehoy:eln~x: .....•.•••.•..•...................•......... x x ....................... . 
n!th:!a pegalr:cr~::::::::::::::::::·.·.·.· .. ·.·· .. · xx • ..... •• x xx x {1) x (1) ....... . > h ! 1 x (1) x (1} ....... . 
\ ap r & pU eJ: ••••• • •. • ••• • • • • •. • ••••• • ••• • •••••• • X 
I 011m na, ep . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . x • • • • • • • • • • • • • • • • • • • • • • • • • • • ;; (1) · • • • ~- (1) · · · · · · · · ' 
" 1 W r • , 1 lamellatn11I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '~- . . . . .. ·x; (·1·)· ••• ·x· c· ;)· •.. ·x· (. ;)· :_ : __ : _: -_· :. :_ :. 
Lo p o{: hyallna........................ .. x x (1) , , 
/;t ~- :::::::::::::::::::::::::::::::::: ···;;··· = = = = = = 
J. 1,11)~ al~et....................... x .......................................... , •••• 
• , r1ueo oregoni..... . . . . . . . . . . . . . . . . x . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • • . . . _. . . . . . ...... . 
WORMS, 
Lumbricoe lacnatria •••••••••••••••••••••••. . .•••••. . .•.•••. x 
.', nnri11 abyuicola .••.•. .....•...........•. ... .... ........ ........ ~ ········ ········ ··· ;··· 
·-~~f ~~!!!/I\\l\)\I IIli :\:!: :I:t i/ii: ::j::: :;;~;;; :::::::: 
_ &mi,:1erc.:1dls......................... ........ x :::::::: :::::::: ·::::::: :::::::: :::::::: 




· : ········ •••••••••••••••• •••••••• x x ··•··•·· · ····••· • •······ • •····· • I e a............................ ....... x x x .••••••••.••••••.•••••••• 
1, \.,,.°ots:R~lllreraiaf;.····················· ........ x ........ ········ ................ ········ 
1 ru, I la fluvfa~flfs ... ::::::::::::::::::::: ····x···· : : :::::::: :::::::: :::::::: :::::::: 
OF LAKE SUPERIOR. 707 
I Depth in fathoms. Surface. Shore.1----,-------:----.--------:---
JIOLT,UBCA, 
Valvata trioarlnata ............................... .. 
Valvata ainoera .................... • ............ •· 
::Melantho ponderoa& ............ ............ • ...... • 
Amuioola ~nm ......................... • •••••••• 
Amnioola pallida f ................................. . 
Goniobasia llveacena ............................... . 
Pleurocera aubnlare •••..•.••••••••••.••••••.••••••. 
Llmnma atagnalls ••••••••••••••• • • • • • • • • • • • • • • • • • • 
Limnaia colnmbella .•••••.•••••.••••• • • •. -•· ...... .. 
tl:::: !ie?.~:~ ::::: :::::::: :::::: :::: :: : :::: ::: 
t~:~:: :i=!~·:::::: :: : :: :: :::: ::: : : : : :: : : : : : 
tt:~:: f J::tt::::::::::::::::::::::::::: : : : : : : : : 
Limniea lanceata"' ................................. . 
~:~:: :!~t~ri~::: :::::::::: ::: :::::: :::::: : : ::: ::: 
Phyaa heteroatropha ••••••.••••.•••.•••.••.•••••••• 
Planorbta bicartnatns .••••••.•.•.••••..•••...••..••. 
l'lanorbia campanulatus •••...••.•••••••.••••••••••. 
Gyranlna parvns .•••••..•••••••..••.•....•..••.••.. 
Sphrertnm sulcatum ••••••.•••.•••••••••••••.••••••. 
Sphrertum striatinnm ............................. . 
~;~:g~: t\~:-:::::: :::::::::::::::::::: :::::::: 
Sphrerium Jayanum ........................ . ...... . 
P1sidium Virginicum .............................. . 
Plsidlum compressnm .••••••••••.••••••.• ~ .••••••.• 
Pisidiun1 abditnrn ................................. . 
Pisidinm abditum, var. abyssorum .•••.•••..••..•.. 
~~o8l:.~i:;ecie; :::::::::: ::: ::: :::::::::: :::::: :: 
RADIATA, 
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" See p. 702 in reference to the identification of this species. 
CoRRECTION.-The statement, on page 649, that none of the femaJ.es of Pontopo1·eia 
Hoyi, ta.ken in Lak~ Superior during August and September, were carrying eggs, is 
incorrect. Three or four among several hundreds of specimens taken August 22 were 
carrying eggs, and there may be a few in the same condition in other lots·; but, among 
many thousands collected, certainly not one female in a hundred was carrying eggs. 
XXVIII.-FOOD OF FRESH-WATER FISHES. 
\ 
BY SIDNEY l. SMITH. 
The following notes were made almost wllolly from -the contents of 
' the stomachs of a few fresh-water fishes collected by Mr. J. W. Milner. 
fNumbers in brackets ([])are the numbers under which specimens were received.] 
WHI'IE-FISH, (Ooregonus albus.) 
[No. 202.] Specimens from Outer Island, Lake Superior, contained 
great quantities of Mysis r0Ucta; J?ontoporeia Hojji; and Pisidium abdi-
tum, rnr. aby11so:rum; and with these were a few specimens of dipterous 
larvre of the genus Ohironmnus; a small worm, (Lumbricus lacustris ;) 
Daphnia galeata; D. p_ell-ucida; and a small species of Planorbis. 
[No. 115.] From Sand Islan_d, Lake Superior, P(?ntoporeia Hoyi; 
larvre and pupre of Ohirono_mus; Valvata sincera ; and Gyraulus parvus. 
(No number.) From Sault Sainte Marie, one lot contained scarcely 
anything but small shells. Among these, Valvata tricarinata; V. sincera, 
var. striatella; .Amnicola generosa; A. palida ('); Gyraulits parvus; and a 
species of Limncea were in abundance; while there were fewer specimens 
of Gonioba~is livescens; Physa vinosa (1), young; Sphrerium striatinum; 
and Pisidium compressurn. 
fNo. 407.] Other specimens conta.ined nothing but the remains of 
insects, among which were the imagos of two species of Diptera; la.rvre 
and pupre of Ohironomus; larvre and pupre of some specimens of Ephe-
meri£lce; great numbers of the larvre, pupre, and subimagos of a species-
of lfydropsyche; and the larvre of a species of some other gen us of Pliry-
ga.n.eidce. · 
[ ·o. 380.] From Ecorse, Mich., specimens contained a species of 
Hy£lrachna, the leg and the sca.les from the wing of some lepidopterous 
iu · · ·t , and a species of Limnrea. 
"bite-fl Rh· which I examined at 1Ie Royale, in August. 1871, con-
tained scarcely anything but Mysis relicta and Pontoporeia Hoyi. 
[ ·o. 65.] Ecorse, Mich. Remains of a smaU fish and se,veral speci-
1 • • of a specie11 of water-boatmen, ( Oorixa.) 
• J •1·imens of Ooregonus quadr-ilatera.lis from Madeline Island, Lake Su-
l '' 11, , contained a number of specimens of a leech (Ncphelis fervida) 
• 11 11 · neuropteroos larva allied to Perla. 
fh,· 1• few observations are sufficient to show that the white-fish, like 
t .H- different 1Jpecies of trout, feeds on a large number of species be-
l , ,, iug to very different groups of animals. In this brief enumeration, 
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t· -, ,,t ii -l 11 · ·i1• m·t~ :11--11 ti m·1l-11 ineof i 11 ·, r four of crustacea, one 
worm, ;1 11d 1 v •11 of mollusks; and these are undoubtedly only a small 
part of the . 111 •i•·· upon which the white-fish req.lly feeds. 
SUCKER, (Oatostomtts aureolus.) 
[No. 15.l Ecorse, Mich. Many specimen8 of partially-digested Asel-
lopsis tenaa:, var. dilata; and portions of a Oori3Ja and of the larva of a 
dragon-fly. 
YELLOW PEROH, (Percaftavescens.) 
Buffalo. Bones of several small fishes; spawn of some :fish; small 
, lipterous larva. 
STURGEON, (Acipenser rubicundus.) 
[No. 118.] At Sand Island, Lake Superior, a specimen contained a 
few bones of some :fish and numerous shells, among which were the 
following: Valvata tricarinata; V. sincera; Limnrea catascopium ; Physa, 
sp. ; Ptanorbis bicarinatus ; and Sphrerium striaturum. 
Stomachs of Menobranchus lateralis, from Ecorse~ Mich., contained a 
number of specimens of a crawftsh, (Oambaruspropinquus ;) a neuropte-
rous larva allied to Perla; and the remains of a small fish. 
.. 
XXIX.-·NATURAL AND ECONOMICAL HISTORY OF THE GOURAMI.• 
BY THEODORE GILL. 
OSPHROMENUS GORAMY, 
Syno;nymy. 
Osphromenus goramy, Lacepede, Hist. Nat. Pois8., III, 117, pl. 3, fig. 2, 1802; Gill, Am. 
Sportsman, IV, 66,369, 1874. 
Trichopns goramy, Shaw, Gen. Zool., IV, 388, pl. 55, 1803. 
Osphromenus olfax, Comm. in Lacepede Hist.Nat. Poiss., III, 117, 1802; Hardwicke, Zool, 
Journ.,IV,309,pl. 36; Cuv. <f Val., Hist. Nat. Poiss.,VII, 377, pl.198, 1831; Rick, Brit, 
Ass. Rep. (Ich. China and Japan), 1846, 251; Bleeker, Vissch. Doolh. Kieuw., (Ver-
hand. Batav. Genootschap, XXIII, p.) 10, 1850; Cantor, Cat. Malayan Fishes, 88, 
1850; Val., Regne An., par Cuv., ed·. par disciples, Poissons, pl. 73, figs. 1, 3; Gunther, 
Cat.Acanth. Fishes B. M., III, 382, 1861; and various autho1·s, Bull. Soc. Zool. d' Acclim., 
infra cit., 1860--7 4; Zool. Garten, etc. 
Trichopodus mentum, Lacepede, Hist. Nat. Poiss., III, 125, pl. 3, fig. 2, 1802. (Based on 
a. bad figure by M. Cere.) 
Trichopus satyrus, Shaw, Gen. Zool., IV, 391,. pl. 35, 1803. (A substitute for Triaho-
podus mentum.) 
Osphromenus satyrus, Bleeker, Vissch. Doolh. Kieuw. (Verhand. Batav. Ge1footschap, 
XXIII), 10, 1850. 
Osphromenus notatus, Kuhl j Van Hassalt, in Ouv. 4' Val, Hist. Nat. Poiss., VII, 386, 
1831. 
Osphromenus vittatus, Kuhl j Van Hassalt, in Cuv. q- Val. Hist. Nat. Poiss., VII, 387, 
1831. 
The preceding are only the more important references to the species ; others will be 
found in the foot-notes and in the subsequent text. 
A-NATURAL HISTORY. 
PREFATORY. 
The great interest which has been excited by the gourami, and the 
numerous attempts to acclimatize or introduce it into distant countries 
will doubtless render welcome a somewhat elaborate article on the spe-
cies, and a practical application of the lessons of experience in connec-
tion -with it. 
The literature on the fish is very voluminous, and numerous articles 
have been written upon it; in the Bulletin de la Societe Imperiale 
Zoologiq ue d' Acclimatation alone, there are about one hundred references 
in the indices to articles and notices in the various volumes. These and 
many other papers have been consulted., and our readers are furnished 
,, ith the results of experiments and observations to date. Especially 
This article is reprint.eel, with slight modifications by the author, from "'l'he Ameri-
can Sportsman,'' for September 12, 1874, (A,) and October 31, 1874, (B,) by permission 
of the editor and proprietor (W. F. Parker, esq.) of that pa.per.-S. F. BAIRD, 
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are , d w w • •l gmen due to the articles cited in the foot-note;• to 
Colonel . icolas Pike, our late very efficient consul to :\Iauritius, to whom 
the Smithsonian Institution is indebted for many specimens; and to ex-
tracts from an article of Mr. Clarke. 
NAME. 
Ospkromenus goram,y is the true and first.published scientific name 
given to the celebrated gourami, and was conferred by LacepMe, who 
accepted a manuscript-name devised by Commerson for the genus, and 
proposed a modification of the best-known vernacular name for the spe-
cies. OspkroTfl,enus olfax, a name suggested in the manuscript of Com-
merson, was published by Lacepede as a synonym. The name Osphro-
menus was bestowed by Commerson by reason of an erroneous idea 
which he entertained, (that the labyrintbiform apparatus was an 
adaptation for smelling,) and was derived from the Greek oacppo,u.a,, 
to smell. Commerson's idea arose from bis percept.ion of some analogy 
in appearance between the labyrinthiform · apparatus and the ethmoid 
bone of man. 
FORM, ETC. 
The gourami has an oblong-oval form. The snout is produced,-and 
the forehead in front of the eyes concave but behind convex, and it be: 
comes more and more so with advancing age, (as will be noticed by com-
parison of figures of young and old here given). The lateral line is con-
tinuous from the shoulder to the base of the candal fin. The dorsal fin 
is considerably smaller than the anal; the former commencing far behind 
the head, ending some distance in advance of the caudal, and furnished 
with eleven to thirteen spines, and eleven or twelve articulated rays; 
the anal commencing near the base of the ventral, extending to anu 
connected with the base of the caudal fin, and supplied with nine to 
* RuFz DE LAVISON, Su1· quelques tentatives d'acclimatation du goru1·ami (OB]Jhromenus 
oljax) dans divers pars. <Bulletin Soc. Imp. Zool. d'Acclim. (Paris), viii, 1861, pp. 392-
403. 
VINSON (Dr. Auguste), De l'acclirnatation dn gourami a l'ile de la Reunion, et des 
moyens d'acclirnater ce poisson en Algerie et dans le mid,i de la France. <Bulletin Soc. Imp. 
Zool. d' Aeclim. (Paris), viii, 1861, pp. 509-514, 541-546. 
BA.RTHELEMY-LAPOMMERAYE, Nouvelle tentative d'i-nt1·oduction du goum1ni d'ile Mau-
rice en Frant~, entreprise par M. Lienard. <Bulletin Soc. Imp. Zool. d' Acclim. (Paris), x, 
1863, pp. 739-740. 
COSTE. Instruction pou,r le tmnsport des g01wamis. <Bulletin Soc. Imp_. Zool. d'Acclim. 
(Paris), 2e serie, ii, 1865, pp. 76-80. 
BARTHELEMY-LAPOMMERAYE, Sur l'introduction recente du gourami en Franc~, et in-
structions a cet su,jet. Lettre adressee a M. le president de la Societe Imperiale d' Acclimata-
tion. < Bulletin Soc. Imp. Zoo 1. d' Acclim. (Paris), 2e serie, ii, 1865, pp. 195-203. 
DABRY (P. Thiersant). Notesur le transpo1't desgouramii. <Bulletin Soc. Imp. Zool. 
d' Acclim. (Paris), 2e serie, v, 1868, pp. 591-592. 
--- Histoire natu1·elle du gourami, <:Bulletin Soc. Imp. Zool. d'Acclim; (Paris), 2e 
lilerie. viii, 870, pp. 671-688. 
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twelve spines and nineteen to twenty-one branched rays; the caudal fin 
is rounded behind; the ventrals have five rays, (besides the spine,) and 
the one next to the spine is much prolonged, especially in the young. 
The opercular bones are unarmed, having neither spi;nes nor serratores. 
The color is brownish,with faint oblique bands in the young, but unicolor 
in the adult, with a blackish spot at the base of the pectoral fin. 
GEOGRAPHICAL RANGE, 
The gourami has beeri an inhabitant from time immemorial of the 
fresh waters of Cochin China, on the mainland of Farther India• as 
well as the islands of Java, Madura, Sumatra, and Borneo, and may, 
therefore, be presu~ed to be indigenous to all those localities. It is also 
founc.l in Malacca and the adjoining small island Penang, or Prince of 
Wales Island, but is said to have been introduced into those places from 
Cochin China. The history of its successful introduction into the islands 
of Mauritius and Bourbon (or Reunion) is a matter of record and well 
known. Attempts have liliewise been made to introduce it into the 
West Indian island Martinique~ the French South-American colon11 
Cayenne, the Cape of Good Hope, Australia, Egypt, ancl France, but 
hitherto without satisfactory results. Details respecting these attempts 
will hereafter be given. 
SIZE. 
The gourami is potentially almost one of the largest fresh-water fishes 
found in any pa~t of the world, if we may credit the statements of cer-
tain authors; for it bas been reported (by Baron de Roujoux) that in 
their original habitat they sometimes attain the length of 5 or 6 feet and 
a weight of 50 kilograms, that is, somewhat more than 110 pounds. It 
must be remembered, too, (and will be recognized by reference to the 
illustrations,) that they have bodies cleep and stout in proportion to 
their length. While it is barely possible tha,t they may occasionally,. 
11 nder exceptional conditions, attain such a size, they generally fall far 
short of it; and at the islands of Bourbon and Mauritius, they have 
never been found even approximating that size; according to Or. Vin-
son, : t Bourbon t}ley rarely exceed 8 to 10 kilograms, (i.e., 17.63 to 
22.0 L pounds,) altho1lgh they occasionally attain a weight of 16 kilo-
• 111.: (i. e., 35.27 pounds.) The largest that Dr. Vinson had seen 
m(· red 92 centimeters (i. e., about three feet) long, and 38. centime-
Pr ( •• e., 15 inches) in depth. They are even considered very large if 
lu·. weigh 12 to 14 pounds and measure about 2 feet in length. They 
I 1< I,, I · continue to grow indefinitely to some ex.tent under favorable 
coodi ions, and hence, if they have really been seen of the size claimed, 
h1 "~ have been of great age. 
GROWTH AND AGE. 
The L', , or newly-hatched, is, of course, very small, and proportioned 
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-!" ( , h11r t hall an inch, more or less);• at the end of 
li,· 111 I , ·, u, 11 h1 , ro \rn to a length of about 4: inches; in the second, 
o ah.u11 , 1J1 • ; [ ml in the third, to about 10 or 11. In the third Jear, 
.ti 11 .1 11, Jp lope<l a.nd commences to spawn. Their growth, how-
,. ·n. contmu, indefinit1•ly, conditioned by the nature of their home. If 
their q1:, l• ,:-1 are confiue<l and the water cold, they.increase slowly and 
do not thrive; but if the water is warm, well aerated, and extensive, 
and otherwise appropriat.e, they flourish and increase rapidly. They 
continue to grow for years, and attain a very considerable age ; and in 
the island of Martinique, the last introduced therein was killed for the 
table twenty-seven years after its arrival, and at the time of its capture 
measured about a meter ( or 39 inches) in length. 
S1'A1'ION A.ND TEMPER.A.TUBE. 
The gourami, in its native country, (Anam or Cochin China,) is found 
in brackish as well as fresh waters, and even prefers the former, accord-
ing to M. Pierre, the director of the Zoological and Botanical Garden of 
Saigon, (see Bulletin Imp. Zool. Soc. d'Acclim., 1869, p. 45). According 
to other authors, it is found in running streams, lakes, and ponds, but 
flourishes best in the last, especially when they are stocked with aquatic 
plants and have deep and sheltered holes to which the fishe.s can retreat, 
and which they especially avail themselves of in cold weather. The 
countries in which it thrives are in the intertropical belt, with an annual 
mean temperature, says M. Dabry, of about 24° to 26° centigrade, (i.e., 
75°.20 to 78°.80 Fahrenheit,) and with the mean of'the winter ,not much 
less than 19° centigrade, (66°.20 Fahrenheit,) while the coldest .weather 
is rarely below 14° or 15° centigrade (57°.20 to 59° Fahrenheit) above 
freezing. As the temperature of a country is an all-impq,rtant element 
to be taken into consideration in estimating the probabilities of success 
in attempts to introdri.ce ·this fish, the fol.lowing table of the tempera-
tures of the year and its several seasons in the countries in which the 
gourami is now found is reproduced from Mr. Dabry's article on that 
fis~. (Bulletin Imp. Zool. Soc. d'Acclim., 1870, p. 676.) The first column 
of figures in each double column represents the temperature in degrees 
centigrade, as given by Mr. ,Dabry, and the second the equivalents in 
degrees of the Fahrenheit thermometer. 
11.A.ccording to Mr. Clark, the n~wly-hatched are less than half an inch, and accord-
ing to Mr. Dabry 2 to 4 centimeters, (i.e., about au inch, more or less,) long; th·e for-
mer statement appears to be the most probable. 
TABLE OF ATMOSPHERIC TEMPERATURES OF NATIVE AND FOSTER COUNTRIES OF THE GOURAMJ. 
'I 
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Port Louls (Maorltiua) . ..••.•.... 24. 9 76.82 21.6 70.88 23.8 74. 84 28.1 82.58 26.0 78.80 21.1 69. 98 
28. 4 85.12 19. 4 66. 92 32. 7 00.86 Martins, in Kremptz. 
St. Denis (~anion) .............. 25 77 22.6 72. 68 24. 9 76.82 26.7 80.06 25.6 78.08 22.1 71. 78 
27.1 80. 78 159 591 ·---·- ------ Martins, Vinson. 
Batavia .......................... 26. 8 80. 4 26.2 79.16 26.8 80.24 27.2 80.96 29.1 84.38 27. 9 82. 22 
27. 8 82.04 ........ ....... ......... ------ Martins, Bergham. 
Trlncomalee (Ceylon) ...........•. 27.4 81.32 25. 7 78. 26 28.4 83.12 28.9 84. 02 29.2 84.56 25. 4 
77. 72 29.2 84. a6 -·-··· ......... ....... ·----- Martins, Bergl1am. 
Penang . .. .. • ... .. . . . .. .. .. .. .. . . 28. 3 82. 94 • • • • • • • • • • • • • • • • • • • • • • • • . • • • • . • • • • • • • • • • .. • • • • • • • • • • • . • • • • • • .. • • • • • • • • • • • • • • • . • • • • • • . • • • • • • • • • • • Berg ham. 
Malacca............ . . . . . . . . . .. . . . 30. '.? 86. 36 . • • • • . . • • • • • • • • • .. • • • • • • .. • • • . . • • • • . . • • • • . . • • . • . . .. • • . .. • • • . . • • • . . .. • • • • . .. .. . . • • • .. .. • .. . .. • • • . Bergham. 
Sumatra......................... 29. 5 85. 10 • • • • • • . •• • • • . • • • . . .. • • • . . • • • • . • .. • • . . • • • • . . • • • • . . • • • . . . • • • • . . . • .. . • •• • • • . . • . .. .. • • • • . . • .. . • • • • .. Bescherelle. 
Borneo • • • • • • • • • • • • • • •• • • • • • • • • . . . !l8 82. 40 ............................................................ :-.. • . . . .. • • • . . • • • . . .. • . • 35 95 
Havana........................... 25 77 22. 6 72. 68 24. 6 76. 28 29. 4 84, 92 25. 6 78. 08 21. 9 71. 42 27. 5 81. 50 . . • • .. . • • • • . . • • .. . • • • • .. Bescherelle. 
Cayenne . • • • • • • • • • • • • • • • • • • • • . • • . 25 77 30 86 20 68 32 89.60 ..••...••••• 
35 95 Martins. 
llartinique • • • • • • • . • • • • • . • • • • • • • . . 25 77 •••• .. •••••• ...... ·••••• ............. ·••·· ......................... .• :... 17 62. 60 35 95 
Chauvallon • 
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1 n,·h ;111• the temperatures of the regions where (and where only) the 
tnm.1 mi flourishes; the table may be allowed, in the main, to speak for 
itself, but a slight commentary mny ser\"'e to enforce its significance. 
The islaml of Bourbon, (or ~union,) in the coldest months of the year, 
(June, Joly, and August,) nea.r St. Denis, has a temperature n.ot lower 
than 57° to 59°, (Fahrenheit,) and in the warmest months (January and 
February) the thermometer indicates a temperature of about 80° near 
the level of the sea, and at the heights in the vicinity more than 62°. And 
yet gouramis kept at such elevations, although they lived, and for about 
thirty years, never propagated, but when transported to the streams of 
the lowlands soon increased and multiplied; and as there was no other 
apparent cause, the barrenness in the elevated regions was attributed, 
and apparently with justness, to the insufficient warmth. Let it then 
be borne in mind that a temperature of not less than 57° retarded the 
growth and prohibited the multiplication of the gourami.* 
Such, at least, was the general inference from the observed facts and 
experience respecting the :fish in the isle of Bourbon. So sensitive, roo, 
are they to cold, that during the cold spells in Bourbon and Mauritius, 
they bury themselves in the mud or take shelter in the weeds. So 
fond, on the other hand, are they of heat anq. sun-light, that in the hot-
test days of summer they bask in the sun, and, ascending to the surface, 
protrude their mouths and swallow atmospheric air. The last character-
istic, however, is doubtless a concomitant of their organization, in com-
mon with the other members of the family. 
FOOD. 
The gourami is omnivorous in its appetite, taking at times flesh, :fish, 
frogs, insects, worms, and many kinds of vegetable ; and ou account of-
its omnivorous habit, it has been called by the French colonists of Mau-
ritius pore des rivieres, or "water-pig;'' it is, however, essentially a vege-
tarian, and its adaptation for this diet is indicated by the extremely 
elongate intestinal canal, which is many times folded upon itself. It is 
said to be especially fond of the leaves of several araceous plants be-
longing to the genera Oaladiurn, A.rum, and P.istia; but it also devours,~ 
with not much inferior relish, cabbage, radish, carrot, t,urnip, and beet 
leaves, lettuce, and most of the wild plants which. grow in the water, 
and it can secure for its use the leaves of plants that grow on the banks 
and a slight distance out of the water. It also takes wild rice maize 
' ' potatoes, arrow-root, manioc, bread, and· analogous articles. 
* It has even been asserted that a fall of the temperature to 66° (Fahrenheit) caused 
death on the way from Mauritius to Australia; and in the Museum of Natural History 
of Paris, in a decrease to 59°, death commenced, Even if some other conditions con-
curred to produce death, the circumstances of their death without any other assignable 
cause show how delicate they are. 
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MOVEMENTS. 
In its movements the gourami is slow,-and is said to swim along with 
a certain" majesty of demeanor," (majesty pr(}bably being associated with 
slowness); it rarely hastens toward a meal, but proceeds slowly and 
leisurely on ward. If, however, aught frightens the fishes, or they are 
disturbed, they at once show that swiftness is not incompatible with 
their organization, and they dar~ away with great velocity. They are 
also possessed of great saltatorial agility, and if confined in narrow quar-
ters are prone to leap out, and when pursued they will also attempt to 
escape by leaping out of the water. This is manifested when they are 
:fishei:l for with nets, and, according to Colonel Pike, unless the net is 
held a foot or two above the water, th~y will leap over it to a distanc~ 
of several feet outside, and even when caught and laid on-._~h~ groull(j, 
unless attended to, they will repeatedly leap upward and" batter them-
selves to pieces," for they are very tenacious of life. 
SP .A. WNING .A.ND NESTING. 
In the sexual relations, and the care which it takes of it~ eggs, the 
gonrami resembles the sunfishes of temperate North America and the 
cicblids of tropical America and Africa. The spawning-season falls in 
the autumn (March and Ap~il) and spring (September and October) of 
the transequatorial islands of Mauritius and Bourbon. When that time 
has come, the males and females pair off, and each pair select a suitable. 
place wherein they construct a rude nest. 4' Like all intelligent animals, 
they will only propagate when insured a suitable temperature for the 
eggs and young, a fit retreat for the building of the nest, with plants 
and mud for its construction, and aquatic plants suitable for the food 
of the young." The bottom selected is muddy, the depth variable within 
11 narrow area ; that is, in one place about a yard, and near by several 
, ~ '<ls deep. They prefer to use for the nest tufts of a peculiar grass, 
l'11 nicum jumentorum,) which grows on the' surface of the water, and 
ho ,. floating roots, which rise and fall with the movements of tlle wa-
.,. to " 11 uatural galleries, under which the fish can conceal themselves, 
In one of tli.e corners of the pond, among the plants which grow there, 
the gouramis attach their nest, which is of a nearly spherical form, and 
com 1 , ·11 of plants and mud, and considerably resembfos in form those 
of some birds. " 
The n•· of con_rse, vary in size in proportion to the fishes, but the 
1 t, 1 size i somewhat less than a man's hand in length, ( about 5 or 6 
1 t • ). The fishes are .employed some five or six days or a week in 
building, and their task is rendered easier, when the pairing-season has 
arrin·• by placing in the water, almmtt at the surface, branches of barn. 
boo, {Bambwa arundinacea,) to which are attached bundles of fine dog's-
tooth grass. The gouramis take this grass, and with it form their nests 
in lu· branches of the submerged bamboo, in a manner analogous to 
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Ii i , ·11 t 1 , . common silk-worm ,I\ ail itself of the branch which 
i 11 '"1• 11 : • 1 r 11· it , m·, 1 • i n on. When the nest is completed, the 
fr, ,•1111 d .,. ·1 t h ,_1• ''"·., which in a moderate-sized individual amount 
to :1boot 800 to 1,000. After the eggs have been deposited and fecun-
dated, aml while they are hatching, the parents remain near, jealously 
guarding them, and rushing with vehement fury at any ordinary 
intruder near their domains, and thus they continue to guard the young 
for a time after they are hatched. 
YOUNG. 
The eggs are soon batched, (within a fortnight, according to, Mr. 
Clark,) and in the nest the young find (1) a refuge where they are free 
from a thousand dangers by which they would be otherwise threatened 
during the first days of their life; and (2) in the macerated vegetable 
mattet of which their nest is partly composed, they obtain their earliest 
food, and that which is most suitable to them in their most delicate con-
dition. Soon, however, they make short excursions from the nest, but 
under the guidance of the parent-fl.sh, who is prepared to give them 
aid in case of need. They do not soon disperse, but keep together in 
shoals. The young, it is said, for some time retain the yelk-bag, and 
the ventral fins are very conspicuous, much e'xceeding in length the fish; 
and as they grow only to a limited extent pari passu with the fish, they 
gradually lose their relative length, and the difference between even 
the adolescent fish and those of a more advanced age is considerable, as 
will be perceived by reference to the illustrations. 
FLESH. 
The gourami has always been held in high esteem for the excellence 
of its flesh, at least among the Europeans and colonists. Oommerson, 
to •whom we are indebted for our first acquaintance with the fish, in rap-
ture declared that he had never tasted among either sa.tt or fresh-water 
fishes any more delicious, (" nihit inter pisces tum marinas tum jluviatiles 
ttxquisitius unquam degustavi,'') and subsequent gourmands have re-
echoed the sentiment. Its flesh is, according to several avtp.ors, of a 
light-yellow straw-color, firm, and easy of digestion. They vary in valu.e 
according to the nature of the waters inhabited ; those taken from a 
r9cky river being much superior to those from muddy ponds, but those 
dwelling at the mouths of rivers, where the water is to some extent 
brackish, are the best of all. Again, they vary with age, and the l'a'rge 
overgrown fishes are much le8S esteemed than the small ones ; they are 
in their prime when three years old. Dr. Vinson says uhe flavor is some- .. 
what like that of the carp, and, if this is so, we may entertain some 
skepticism as to its superiority; but the unanimous testimony in favor 
of its excellence naturally leads to the belief that the comp~rison is 
unfair to the gourami. 
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B-THE INTRODUCTION AND ATTEMPTS TO INTRODUOE 
THE GOURAMI INTO FOREIGN COUNTRIES . 
.A U'.I.'HORITIES. 
In this chapter are given, in more or less detail, accounts of the at-
tempts to h1troduce the gourami into various countries.· These have 
been chiefly compiled, as before indicated, :(rom the" Bulletin de la Societe 
Zoologique cl' Acclimatation," and to enable ready reference to be made 
for verification or further details of the facts here mentioned, references are 
added in parentheses, the larger numbers (e.g., 1870) indicating the year 
of publication in the Bulletin, and the smaller numbers the pages of the 
aunual volumes. 
EAST INDIAN ISL.ANDS. 
No other fish bas been the subject of such earnest and oft-repeated 
attempts to introduce and acclimatize in foreign countries as the gou-
rami. Originally, it is claimed, (by Mr. Dabry,) peculiar to Uochin 
China and the neighboring countries, it is ~aid to have been introduced 
at the commencement of the last century in Java, and thence into the 
neighboring islands Madura, Penang, Borneo, Sumatra, and Molucca. 
No positive data, however, have been published-or, at least,are known 
to the writer-of the details of those efforts, and the accounts are there. 
fore somewhat apocryphal. · 
ISLAND OF MA URI'.l'IUS. 
The first well-authenticated transportation and introduction of the 
fish into a foreign country were in.to the island of Mauritius, (then called 
"Isle of }"ranee,") in 1761, at that time under the dominion of the · 
French. 
In that year, several naval officers-chief of whom were Captains De 
Surville, Joa.nnis, and De Magny-took some fishes to the island, but, it 
is said; rather for the gratification of the sight and for exhibition in 
vases than with reference to its eventual naturalization in the island ; 
these were confided to Oere, (who has been accredited with the intro-
duction of the goldfish into France,) who was at the time mentioned 
commander of the French troops in the island, and he especially inter-
ested himself in the introduction of the s.pccies. The fish placed in the 
ponds propagated; some escaped into the contiguous streams, and the 
species had become already domiciliated in the island when Oommer-
son, the naturalist-traveler, visited it in 1770. According to Commer-. 
son, the fishes introduced had been brought from China; but according 
to others, and especially M. Oarpentier-Cossigny, (and with greater prob-
ability,) they were carried from Batavia. 
ISLAND OF BOURBON OR REUNION. 
The gonrami was next introduced in'to the neighboring island of 
Bourbon or Reunion in 1795, through the efforts of M. Des man ieres, a 
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1 , i•li·nt of the island, and who imported specimens from Mauritius. His 
l' 1 ri 11t·, ha bt,en gh·en by l\I. Vinson, snd, on account of its important 
bearin•· on the subject of its acclimatization in ?ther lands, is repeated 
in his own words. M. Desmanieres had " on his estate of Belle.vue, 
situated on the upland of the quarter Sainte-Suzanne, a magnificent 
natural body of water, with two islets abounding in aquatic plants. 
Everything appeared to be favorable for the raising of the gourami, 
but the low temperature at this part of the island had not been taken 
into consideration. The flsh8s Ii ved, but did not pro_pagate. M. Des-
manieres at first thought that tile large size of the pond might be the 
cause of this, and he caused to be made two vivaria, which may yet be 
seen, and which were supplied by the large pond. In these vivaria, the 
goaramis were placed; but the result was still unsatisfactory. He 
received from the isle of France additional fishes, but even then had no 
success. Fiually, having transferred his fishes into a Yivarium near the 
sea-shore, be succeeded in i11ducing propagation. This experiment had, 
however, taken thirty years; and during this time success in propa-
gating the species in the island had become despaired of. As has been 
seen, acclimatization often depeng.s on causes very simple in appearance, 
but which are only discovered, at'ter a long time." 
In other w6rds, in a place where in the colt.lest months the tempera-
ture does not ordinarily fall below 67° Fahrenheit, the species did not 
thrive and propagate. In the warmer waters of the lowland, however, 
it immediately began to multiply, and.is now abundant; it is the o~ject 
of regular care and cultivation in vivaria or ponds, and the source of a 
regular income; the wealthy proprietors or planters of some districts 
have, too, each their OWll private pouds. 
WEST INDIES. 
The next earnest aotempt to introduce the species into a distant 
co~ntry was made at the instance of M. Moreau de Jonnes, who, in 
1818, induced the '' minister of marine'' of France to order the trans-
portation of specimens to the French possessions in the·west Indies. 
Accordingly, in April, 1819, a hundred small fishes were intrusted · to 
the care of M. de Mackau, captain of a storeship, Le Golo, and the in-
terest and zealous care manifested by that officer were rewarded by the 
comparatively slight loss of only twenty-three fishes during the entire 
voyage to the West Indies; and when it is recalled that a slight blow,. 
an abrasion of the sides, or loss of a scale, may cause death, and the 
difficulty of adjusting the supply of fresh water, &c., to their necessi-
ties is taken into consideration, the small percentage of the loss must 
be considered as remarkable. Of the seventy-seven which remained 
alive, twenty-six were distributed to the islands of Martinique and Gua-
deloupe each, and twenty-five to the colony of Cayenne. The fortunes 
of the strangers in their new p1.aces of abode were various. Cuvier and 
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Valenciennes, in the seventh volume of their "Histoire Nat11relle dei, 
Poissons,'' published in 1831, a.cknowledge the reception of one of the 
fishes originally taken from Isle-de-France to Cayenne. The belief that 
their acclimatization in .America had succeeded bas even found utte1'-i 
ance in the statement as a fact which has obtained currency in several 
publications. Although the fishes introduced continued to live, none 
seemed to be fruitful in their new quarters, and there is ·no published 
evidence that any individuals of the species are now living in America~ 
We have the fullest and most authentic details concerning its fate in 
Martinique. ,, 
The little fishes, on their arrival at Martinique, were placed in a large 
basin of fresh water; the largest of tbern was only about three Frenchl 
inches long. Some months after, they were transferred to a small porn! 
in the botanic garden of Saint Pierre,; all wer~ still alive and healthy, 
and bad attained a length of from 10 to lt inches. TheiP su bsequeny 
increase was, however, much less rapid, and after six years; thet 
had little more than doubled that length, for in. ;1.827 the largest had 
only gained a Ieng.th of from 24 to 27 inches. The subsequent rate of 
increase was still less rapid, as might naturally be supposed; and the 
last survivor of the original twenty-six, which was served on the table 
in 184:6, twenty-sev·en years after its arrival at Martinique, measUTed: 
about a meter, or somewhat more than 39 inches in length. None of 
these fishes had been able to propagate their race in the island during 
all this time. Five years after their introauction, a formal announce-
ment was indeed made that numerous young gour.amis had made their 
appearance in two broods, at intervals of only six months; but it was 
soon discovered that the supposed young gouramis were native fishes 
that bad gained entrance into the preserves of the gouramis. The sud-
den revulsion from the hope and high expectations to which the appar-
ent success bad ghTen rise, to chagrin and despair, unhappily reacted 
on the poor tishes, and was doubtless enhanced by the ridicule which 
the exposure of the nature of the discovery entailed on the historian of 
that discovery, and which engendered a proverbial expression in the 
•. ,ll 1•I. Tl1" prospect of propagating the gouramis appearing hopeless, 
one a t'1' 1• ;i nother was caught and served up on the table of the governor 
hen •1 1li · ingnisbed guest was to be entertained, and thus was the last 
dis1 • · 1 o in 184:6. .Althougb equally full details have not been pub~ 
lished concerning those introduced into Guadeloupe and Cayenne, no 
r •· · appears to have rewarded the attempts to propagate the 
p•l'i • 
As i · ~1·1 repeatedly been affirmed (1867, 551) that the gourami has 
1, •pr a ,•climatized in, ot is a native of, South-American waters, it may be 
v·•·ll · - •1 liere that there is no other foundation for such statements 
·stence in those waters of fi8hes belonging to the family of 
ich have some superficial resemblance to the gourami. 
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FRANCE. 
The most careful and persevering attempts have been made to intro-
duce the gourami rnto France, and it was the subject of the most zeal-
ous efforts for a number of years on the part of the Acclimatization So-
ciety of' Paris. In 1862 and 1867, prizes wer.e offered (for the introduc-
tion and acclimatization of' a new food-fish into the fresh waters of 
France, from Algeriai, Martinique,or Guadeloupe) of five hu.ndred francs 
for Q,ny fish e,cept the gourami, and double the amount in case of that 
species, the competition being open under the last offer until the 1st of 
December, 1870. ~.,rom the numerous references in the bulletin of that 
society, (Bulletin de la Societe Imperiale Zoologique d' Acclimatation,) 
the following account is drawn up, the authorities therein for the state-
ment,s of facts being inclosed in parentheses. 
As early as 1804, it seems an attempt had been made to introduce th~ 
fish into France. In that )·ear the celebrated Peron, on his return from 
the voyage of circumnavigation in the corvette Le Geographe, stopped 
at the island of Mauritius, and there took on board a hundred goura-
mis, but these all died in the Mozambique Ohannel, partly in consequence 
of the bad quality of the water with which the receptacle·containing them 
was renewed and partly on account of the fall in the temperature, (1859, 
p. 339; 1861, pp. 25-26""). 
Nearly at the same .time another unsuccessful attempt was made by 
Bailli de Suffren, (1861, 545,) and he also recommended that it should 
be attempted by stages, that is, by acclimatizing them. in, and then .,,. 
transferring them from, intermediate places. In 1820, another consi~n-
ment of fish was taken on the corvette Le Relief; but notwithstandfog 
the care taken by the commander, Baron Melius, no better luck attended 
the attempt (1870, 686)~ 
Not for many years were any further endeavors made to introduce the 
gourami into France. In 1856, however, the Messieurs Lienard, (father 
and son,) planters of the island of Mauritius, wrote to.the Acclimatiza-
tion Society of Paris, announcing their intention to send, when the· 
opportunitity offered, living indLviduals of " the fish known under 'the' 
name of gourami'' (1856, 20!; 1857, xlvi). Hopeful anticipations were 
entertained that these attempts would, at no distant day, be .successful 
(1860, i). No consignments by the Lienards were made, however, till 
1861, when a number (50) were confi.ued to the care of Dr. Perrot de 
Chamarel, who went b,v the way of Suez. to Marseilles, and arrived 
early in July at the.latter city, with only five· of the lot (1861 367 422 ' ' ,. 
473). These, apparently, were subsequently given to M. Paul. Gervais-, 
f.hen of Montpellier, as he, in 1867, recalled that he had received from 
Dr. Perrot de Chamarel fl ve fishes, the survivors of a .lot of twenty-
fi.ve, with which Dr. Perrot started from Mauritius. These. five were 
* See, also,. GIRARD, Vie et travaux de F'ran{lois Pero11: · ·• 
S. Mis. 7 4--46 
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intrusted by Professor Gervais to the superintendent of pisciculture of 
the department of Herault, but lived only a few weeks (1867, 551).• 
Monographs on the habits and best me~ns of caring for tp.e gouram,i 
were now presented by Messl's. Rufz de Lavison, Roujoux, and Viuson, 
and published in the Bulletin of the Acclimatization Society, (1861, 290, 
355, 392, 403,509,514, 541,, 546); i:\,nd the success in bringiug the five 
specimens as far as Marseilles encouraged the friends of the fish. A 
fresh consignment was made by M. Lienard to M. Barthelemy-Lapom.-
meraye, at Alexandria, in February, 1862, (1862, 135, 150); but at the 
same time the news of their death after their arrival in Egypt was re-
ceived from M. Lienard, (1862, 142, 150). 
Another voluuteer ( M. Manes, of the island of Reunion) soon after tend-
ered his services,(1862,798, 898, 917,) an<l several attempts were actuallJ 
ma<lA by him; a first early failed (1862, 917; 1863, 120). He, however, 
had greater hopes of success in transportation of . the fecundated ova 
than of the developed fish. 
Soon after (in March) a number of fish were sent by M. Manes, of the 
island of Reunion, in care of M. Rignolet (1863, 307,} and some arrived 
living at Ciliiro, but all succumbed on the way from that place to· Alge-
ria (1863, 627). M. Manes then, despairing of sending .them alive to 
France, proposed to consign. some to the ca.re of the KheLli ve of Egypt, 
by whom they could be ultimately forwarded to France (1863, 627), 
This intention he carried out in the following year (October, 1864) •. 
But early iu November of this year, M. Lienard left Mauri~ius with 
ten :ft.shes, and leaving five of them in Egypt in care of M. Ooulon, at a 
country-house near Cairo, he arrived at .Marseilles with the rest; but 
four of the five died soon after his arrival, ou account- of the changes in 
the wind and temperature. The sole ~urvi vor was confided to the care 
of M. Barthelemy-Lapommeraye (1863, 738, 76!). Agaiu, in October, 
186i, M. Barthelemy-La.pommeraye wa~ intr1uteJ wi_th the care of a lot 
of seven gouramis, which bad arrived in Marseilles, antl had been sent 
by l\I. Autard de Bragard to M. Lienard for the French Soci~ty of Accli-
matization, through the intervention of M. Georges Aubin (1865, 615). 
M. Manes subsequently sent nests of the gouramis, containing their 
eggs, one in January, 1865, (1805, 52,) and a second in l\ifay, (1865, 356}; 
but no records of their fate were pubfo,hed by the society. A second 
time, however, after Hll these trials, a lot of living fishes were receivecl 
in France. M. Autard de Bragard, of the island of Mauritius, and ex· 
president of the Acclirn 1tization Society of that island, took with llim 
nineteen :ft.shes from the island in. a large glass vase, and arrived at 
Marseilles with eleven of the lot on the 15th of April, ( 1865, 195-313); but 
they all died very soon after their arrival (1865, 199-358). Another lot 
of about two hundred fishes, sent at nearly the same time, was still less 
• Notwitb_standiog the dh,crepaocie& noted, the two accounts have reference appar-
eatly to the same lot. 
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fortunate, all having died at Suez (1865, 357, 425, 549); equally unsuc-
cessful were consign men ts made by M. Antard de Bragard { 1865, 488 ; 
1866, 485-487). In the last ca8e, we are told by M. Berthelin, who took 
charge of them, twenty had been selected the evening before the depart-
ure of the v-eABt,l, those selected being about three inches; these were 
placed in the vessel in a zinc vase, in a dark place, and the water was 
renewed every <lay with river-wat,er; but, in spite of all, the fl.she~ soon 
died, two on the day after leaving port, twelve in the night of the sec-
ond or third day, and two on the next succeeding one, while the four 
remaining were transferred into a porcelain vase and lived a number. of 
days, (from the 18th to the 30th of May,) but finally succumbed (to the 
excessive heat, it was supposed) in the harbor of Aden (1866, 485, 487, 
493, 569). M. Berthelin added suggestions· for future guidance, and 
recommended Egypt as an intermediate station for the acclimatization 
of the gourami ( 1866, 598). 
Again, in 1867, gouramis were brought living'into France. First, M. 
Berthelin and M. Grandidier, in May, arrived at Marseilles with sixteen 
fishes out of an original lot of one hundred; six, however, soon died, 
and the rest followed some time after (1867, 441); and again M. Autard 
de Bragard was successful, reaching Marseilles (near the end of J nly) 
with five fishes out of twelve with which he embarked at Mauritius, and 
these were even received in Paris, and confided (July 17) to the care of 
M. Dumeril in order to be k~pt in the reptile-house of the Museum of 
Natural History (1867, 550-552). These thrived for some time (1867,. 
640), and until October, when on account of the fall of the temperature,. 
they suddenly succumbed-one on the 4th, two on the 5th, and the last, 
two ou the 6th. The temperatt1re of the water, nevertheless, bad not.' 
declined lower than 13° centigrade (55.40 Fahrenheit); and that cold 
was the cause of death was rendered evident by t.he sluggishness of the 
fishes near this temperature, and their re\Tival when warmer water was, 
injected, to be again succeeded by depression when the temperature-
again fell (1868, 352). 
An attempt was also made from another quarter to give France the 
coveted fish. M. Henry Rozy sent from Bantam, in the island of Java,. 
fifteen gouramis, and also the branchlets of a tree cont,aining nests of 
the fish; eleven of the fishes were received at Marseilles alive, having 
made the long voyage without apparent detriment, but on the night of 
their arrival, the cold being too great for them, they died; n~thing has 
been recorded as to the fate of the eggs (-1871, G46). 
Invoices of gouramis appPar to have been also received, within the· 
last year or two, by M. Pierre Oarbonnier; but a failure of reception of 
the numbers of the'' Bulletin de la Societe d' acclimatation," containing 
the accounts, prevents us from giving full information at this time. Mr. 
Carbonnier, however, seems to have had unusual success in keeping his 
fishes alive. In August, twenty-two specimens of anabas and six gou-
ramis were brought from Calcutta. to Galles by M. Paul Carbonnier,.and 
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were sent to the father in a glass vessel. The water was not changed 
on the route, and no one took special care of it. Ten anabas and three 
gouramis arrived, living, at Marseilles on the first of August. In the 
same vessel were found the skeletons of those which had died on the 
way. This success, says M. Carbonnier, is of importance, as it furnishes 
proof that all fishes with labyrintbiform pharyngeals can dispense .with 
taking oxygen through the medium of water, and are able to avail them-
selves of the atmospheric air directly. Those th at died on the way from 
Marseilles probably died from hunger rather than from insufficient aera-
tion or other active malady (1874, 526-527). 
A very recent record of unexpected success in the preservation of the 
gourami in the open air, during the winter, may seem to almost ~ullify 
the experience of others, and the inferences recorded in the preceding 
chapter. The account referred to has been published in the ~, Bulletin 
de la Societe d'acclim atation '' for March, 187 4, and the following is al-
most a literal translation of the passages. 
'' M. Turrel writes from Tonlon: The water-basin of ou!' garden is 
-enriched with two gouramis, which have for two years supported the 
-elimate of our Provence under conditions which appear to me to deserve 
rr.o .be mentioned. But before entering upon the details of this introduc-
tion, I ask myself if the fishes in question are truly gouramis. In form, 
tl1e.y resemble carps; in dimension, they are nearly fifteen centimeters 
in length; their color is a very brilliant bronze copper. The following 
is the history of their introduction as it has been furnished to my!3elf: 
"I u 1872, M. Daniels, second captain of tl1e mail-steamer, took from 
Singnpor.e for Ciotat (Boucbes-du-RhOne) nearly two hundi-ed young 
gouramis, of which only four survived the passage. These four were 
placed in an unwalled baRin, having a depth of' about two meters, and 
ou .the lJottom. of which aquatic plants were growing. In this body of 
water, the four fishes have passed two winters; in that season plunging 
into the bottom to avoid the attacks of cold, and supporting under these 
conditions 4° (390.20 Fahrenheit) of temperature. 
"Two of these fishes were given to me by a friend of M. Daurnld, 
who had obtained them to place in the basin. I received them the 13th 
oC }i,ebrnary, and placed them immediately in the basin of our garden, 
whioh ha~ little depth anti little extent, but is prO\~ided with a southern 
e ·posure, ancl protected against radiation by rock-work in the form of a 
grotto" ( 187 4, 225-226). 
The doabt invoh·ed in this case is as to the species of fish experi-
. ~oted with, and the (loubt apparently conceived by M. Turrel may be 
pardoned in others until the fishes have been examined by an experienced 
ichthyologist. 
While the French Society of Acclimatization waR ye.ar after year 
attempting to introduce the gourami into France, frequent tenders of 
service were made by affiliated societies or individuals. Among others, 
the Baron Duuast sugge&ted to the society a, small rivulet in Sicily-the 
Anapo, or, as it was anciently called, the Anapus-as one which ap-
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1warP<l to him to <>ombine all the moHt fa,vora,hle coIHlitions for sucll 
att(•mpts ( ISH i, :.!l.",; 181Hi, mm; 1KH7, :.t!8); and ultimately, in re:-.pons.e 
to a lcttt'r from the pr<'si(lent of the Paris socioty, the Societ.v of Aceh-
matization a1Hl Agrienltnrn of ~icily, through it:-: presi<lent, Baron Auca, 
appointP<l a, co111111i~sio11 to report 011 the snhject, ( L8(j7, :!S:!,) which con-
firmed the fa\'orahle opinion c11tertai11t~<l uy B,tron D1rnast, (18U7, 552, 
753.) An elaborate report was publislw<l uy the It,tlia,u :society 011 the 
snujeet, lmt their reeom 111e1Hlatious appear never to have beeu carried 
into <'fft'ct, 
All the attempt,~ to acclimatize the gonrami in Franee have thus far 
pron•ll to ue failures; and (if the ph_y:-;ologic,tl <fata obtained from a wide 
~xpl'rie11ce are any gni<le) are likely to ue equally so i11 the future; and 
the Acclimatization Soc~iet,y has recognized this truth iu the discontin-
uance of otfors of specilic prizm, fur the intro1lnctio11 or acclimatization 
into its waters of the gourami. The Rociety, however, evidently stiil 
entertains hope of :-;uccess for several French provinces; as, in 1873, it 
renewed itR offers of prizes (which have been repeated several times) rel-
ative to this s1wcim;. 'l'he premiums offered are, se\-erally: (1) 500 francs 
for the introduction into the fresh \vaters of Algeria of a, new food-fish; 
(3) 1,000 francs for the acclimcitiza.tion in the fresh waters of Algeria of a 
new foo<l .fish; UJ) ;'j()O francs for the introduction into the fresh waters of 
Guadelonpe arnl Martiuique of a new food-fish; and, (4) 1,000 francs for 
the cwcl-imatiza,t-ion in the fresh waters of Guadeloupe and Martiuiq ue of a 
new food-fish. 'l'he time for competition is in each case open till Decem-
ber, 1880; a1Hl the amounts offered are iu each case doubled, in case the 
fish introduced or accUmat-izcd is the gourami. 
ALGERIA. 
Efforts to introcluce the iiRh into the French colon,v of Algeria were 
initi~tecl in 18G3 by a letter from l\L Tonrniol, of Melianah, (repeated in 
18G.3, 48!l,) who offereil to the French Acclimatization Society the use 
of his fu~h-basins t,o receive any specime11s that conld ue sent to the 
colony, ( lSG;~, 1:n,) and l>y another from M. Hardy, the director of the 
Garden of Acclimatization of ~.\.lgiers, who also announced his readiness 
to receive any (18(t3, 22H). One lot sent in 1863 died on the way from 
<Jairo to Algeria, (18G3, G27); a second, sent in .1864, were more fortu -
nate, as eleven were received (on October 31) by M. Hardy from M. 
Perrnt cle Chamarclle of Mauritius; these were placed in pendant 
vaseR, in which the water was often renewed, and the fishes were fed 
with flies (18f.i4, 607,701); most of them, however, died before the 19th 
of May, 1875, ( 1865, 358,) and the "depot" ( l8G5, 194) was thus ex 
bansted. '1.1he same want of success that attended the attempts at intro_ 
duction in tile other countries awaited those made for Algeria. 
AUSTRALIA. 
Frequent attempts have also been made to introduce the gouran"li 
into Au:stralia, especially the colony of Victoria. These were continued 
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from 1859 to at least 1864, (see Bulletin de Ia Societe Imperiale 
Zoologique d' Acclimata.tion, 1860, 98, 432; 1863, 153; 1864, 217, 305, 
380; 1865, xxxvi,) but none were attended with eventual success. 
CAPE OF GOOD HOPE. 
Efforts appear to bave been also made to introduce _the. species into 
the waters of the Cape Colony, (op. cit., 1865, xxxvi,) but no documents 
are at present available giving detailed information. 
EGYPT, 
As already indicated, Egypt is on tbe highway from Mauritius to 
France; and, having a far more favorable climate, it was proposed to 
acclimatize them in that country, and thence· introduce them into 
France. Koenig-Bey, the secretary to the Kbedive, signified the desire of 
his government to be instrumental in such a work;, (1864, 288, 314,)' and 
agreed to w~rk on shares with the society, keeping one-half an<l prom-
ising to send the other when the weather became favorable (1864, 696). 
Specimens were accordingly sent from Reunion by Messrs. Berg and 
Manes to the Egyptian functionary, (1864, 539, 696,) but were all lrn,t on 
the way (1864, 539; 1865, 356); measu.res, however, were taken by the 
committee of the Acclimatization Sqciety at Mauritius to send a consigµ-
meut of fishes by every mail-steamer till success had crowned their efforts 
(1864, 539). Although partial success seems to have attended tbe en-
deavors to introduce them,• it seems to have been ephemeral; at least, 
no accessible data give any positive information respecting essential 
SUCCt'kS (1866, 598 ; 1869, 242), . . 
The recommendation ha.s been made by the eminent icbtbyologist, 
Br. Gunther, to attempt the introduction of the gourami (as well as the 
European cat-:fl~h and th3 Australian Oligorus) into England, (Rep; 
Acclimatization Society of Loudon; Bulletins de la Societe d' Acclima-
tation de Paris, 1861, 98,) arHl others, too, have been sanguine in the 
belief that the acclimatization coulil be effected in England as well as in 
Germany; but the attempt has never been made, and we may certainly 
be easily com·inced that if the climate of Marseilles and Southern 
France is too cohl to .enable thAm to survive through the year, more 
northern and colder countries would be still more incompetent to harbor 
them. 
CONCLUSIONS. 
Referring to the first part of this article on the gourami for informa-
tion respecting the climate of t~e countries in which it thrives, and for 
the results of repeatecl experience of the limit of low temperature which 
it can withstand, antl a,~ailing ourselYes of the experience of the French, 
we must be convinced that the :fhshcannot be acclimatized, at least directly, 
•"Pree.de S. A. Halim, Pacba au.,Caire, cbez leq1u,l ou m'a assur6 que ces poissons 
ta~nt acclimates," 1866, 598. 
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in an ,· conntry where at any time the temperature deRcends nearly to 
the freezing-point. What subtle influences have prevented propagation 
in the West Indies are unknown; the climate, so far as can be judged 
frotn thermometrical in,lica.tions, can scarcely be an obstacle, and the 
cause of failure will probably be found in some unknown conditions. 
Of course, the experience in the ca.s8 of the countries where attempts 
to acclimatize have been made equally teaches us t.hat there is no hope 
for success in attempts to introduce it directly into any of the United 
States north of Florida or Lower California. And yet it is not utterly 
impossible that, starting from a tropical country, individuals might 
gradually be introdnced northward; and while many would sue. 
comb to the cooler climate, (which, perhaps, would only be too cool once 
in a cycle of years,) a few would survive, and the descendants of such-
tliemselves weeded out little by little-eventually leave a stronger race, 
which might in time be domiciliated in temperate .climates. It may be, 
indeed, that (.as in very many species of animals) there is already a dif-
ference in the susceptibility to cold of the several races of the gouram i 
now acclimated in different countries, and that, iu an Indian race, we 
have a more hardy form; such, at least, would seem to be the case if the 
fish referred to by M. Turrel was really the gourami; and, if it is so, that 
race would be the most suitable to experiment with. It must be rem em- , 
bered, however, that even M. Turr.el's fishes were not claimed to have 
been suQjected to a temperature lower than 39° Pahrenheit; and con-
sequently the results of his experience (admitting that the fishes were 
gouramis) do not militate against the inferences here enunciated. None 
of the present generation could reasonably effect acc1imatization of the 
species in northern waters; but, if any individual has no regard for a 
return for money expended, enthusiasm might he gratified by commeuc-
ing with importation of specimens into our southern waters. ' ' 
For the benefit of such, we refer to the articles teaching how to trans-
port them,• aud close with briefs of their instructions, and extracts from 
them by M. Oosfe. · 
C-RULES FOR T~ANSPORTATION AND INTRODUCTION. 
As to the introduction, it would, probably, be more readily effected 
by the transportation of nests with the ova than that by the fishes 
themselves; and such a course woul<l, at least, require less care and .. 
attention, aud would have the additional advantage of furnishing so 
mapy more indivirl.uals to se1ect from. If, for any reasons, it is pre-
ferred to experiment with the ,young, tlie smallest should be chosen, 
and they should be placed in wooden or earthen ware vessels: the latter 
would be preferable, and those having a capacity of from ten to fifteen 
gallons would, perhaps, be best; but tnbs or casks when perfectly clean 
* CosTE. Instruction pou1· l~ transport des gouramis. <Bull. Soc. Imp. Zool. d' Acclim ., 
1865, pp. 76-80. 
DADRY (P. Thiersant). Note sur le transport des gouramis. <Op.cit., 1868, pp. 591-592. 
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may be used. The receptacle, whatever it may be, should be suspendedJ 
in order to avoid the disturbance of its contents by the incessant rolling 
of the vessel; such motion being prejudicial to the w_elfare of the fishes. 
The fishes should also be fed, and a supply of suitable plants should 
therefore accompany them. We append a translation of the specific 
instructions of M. Coste, from whom, indeed, have been derived the 
hints above offered. 
•' 1. Very young fishes should be selected. 
"2. These fishes should be distributed among several receptacles. 
"3. Oare should be taken not to crowd too many together in one 
receptacle. 
"4. The water should be renewed partially or entirely whenever it 
bP.comes necessary. · 
"5. It should .also be aerated from time to time. " 
'' 6. The fishes should· be fed whenever they shall seem to req nire it. 
"7. The remains from the foou which has been given to the fishes 
should be carefully taken up from the bottom of the receptacle, and 
remO\red within eight hours after feeding; the dejections and other 
impurities which would injure the water should be removed. 
"8. Finally, the several receptacles sliould be kept in difforent places 
and under va_rious conditions." 
XXX.-NOTES ON THE GRAYLING OF NORTH AMERICA. 
BY JAMES W. MILNER. 
The grayling has recently attracted a grelt deal of attention in the 
United States. The discovery, in accessible localities, of a fish of great 
beauty and flue game qualities, that hitherto was regarded as peculiaT to 
the Arctic rivers of British America and to the Old World, gave it at once 
great prominence in the estimation of :fish-culturists and anglers. These 
qualities are to be regarded as its special claim to attention rather than 
any likelihood that it is to become au extensive food-resource. As the 
latter purpose bas been the only one so far recognized by the United States 
Commission, the propagation of this species is not likely to receive its 
attention. Yet, in view of the fact that t~e sport of angling is so generally 
popular, and that the presence of the game--.h.es in the streams and 
rivers of a region are appreciated as no minor attractio~, the possession 
of this beautiful fl.sh is of sufficient consequence to deserve consideration 
under the State appropriations.• 
A species inhabiting the headwaters of the Missouri River was ob-
served in 1860 by Surgeon J. P. Head, U.S. A. 'In bis correspondence, 
be called the attention of other naturalists to the fact, and asserted the 
tributaries of the Missouri west of Fort Benton to be its habitat. Speci-
mens have since been obtainoo from Willow Creek and the Gal,atiri 
Fork of the Missouri by the United States Geological Survey,t and, 
through application made by Surgeon J. F. Head, others have been 
obtained from George Scott Oldmi.xon, act-ing assistant surgeon U. S. 
A., from the v.icinity of Camp Baker, Mont., and from Dr. Uharles A. 
Hart, acting assistant surgeon U. S.' A., stationed at Fort Shaw, Mont., 
from the Sun River, tributary of the Missouri. A writer to Porest and 
Stream has found them plentiful in a tributary of the Yellowstone River 
near the Orow Indian agency. . 
In the particular of its being found in restricted, isolated areas, its 
habits resemble what is said to characterize Thymallus vulgaris of' Eng~ 
✓·· 
• Fred Mather bas advanced the argument, in "Forest and Stream," from the fact 
that they_ do not eat each other, that "cannibalism" does not prevail among them, 
they are hkely to prove superior to the trout in their ability to produce a large stock 
of fishes. 
t Preliminary Report of the Geological Survey of Montana and Portions of the Adja-
cent Terri tori es, being a fourth annual report of progress, by F. V. Hayden, U njted States 
geologist, 1871, p. 469. · 
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lamt The grayling of Central Europe seems to hiwe a more general 
distribut,ion. 
A species of this genus, on the continent of North America, was first 
noticed by Sir John Richardson, in the narrative* of Sir John Franklin's 
first journey to the Arctic Regions, where ,it was described and figured 
a~ Ooregonus signifer, or Back's grayling. In bis Fauna Boreali-Ameri-
eana, 1836, is a colored plate of this species, under the name of Thy-
niallus signifer Richardson. In both these works, another species is also 
described, the lesser grayling; in the former work under the genus 
Coregonus, in the latter as ,Xkymallus thyrnalloides. In the Fauna Bore-
ali-A1nerioana, he suggests that it may ·be the young of T. signifer. 
Richardson says that the range of Back's grayling is north of par-
allel 620, and between the Welcome and Mackenzie Rivers, tributa-
taries of the Arctic Sea. 
A specimen of a grayling was in the possession of Valenciennes about 
184:7 or 1848, supposed to have come from Lake Ontario, which he named 
Tkymal11.s on,ta.riensis. As there is no subsequent record of its coming 
into the bands of any naturalist from the waters of the region, it has 
been thought probable that the locality affixed to the specimen was 
el'roneous. Letters to Forest and Stream from correspondents have 
asserted the existence of a gray ling in the waters of Canada in a stream 
near Quebec, where it bad the local name of " spearing," and in the 
NortbeaAtern United States near Derby Line, Vt., and in a stream at 
the headwaters of the Penobscot River in Maine. It has also been 
claimecl, with bnt little evidence advanced, to inhabit a region of Wis-
conl'.liR, and the vicinity of Pointe aux Pins1 Canada, at the head of Saint 
Mary's River of Lake Superior. 
During the winter of 1864 and 1865, Prof. Edward D. Cope, of Phil• 
adelphia, examined a large collection of fishes belonging to educational 
institutions of the State of Michigan, and, among them, found specimens 
of a grayling from the waters of the ,State, which be believed to differ 
from any species previously t.lescribed, and gave the name of Thymallus 
tricolor. 
In 1871, while visiting the Traverse Bay region of Michigan, in con-
np,ction with my duties as assistant in the United States Fish Commis-
sion, a trip was made to the Jordan Rh·er for the pur1>ose of procuring 
specimens; but, although a good many were seen in the clear, cold 
wat.ers, they contd not be induced to take the hook during the day 
spent. on the river. Arrangements were made for the collection ·of 
apecimens, and two were soon after sent to me at the Chicago Academy 
of Sciences. They were lost, with the reRt of the collections, in the 
great fire of that year. 
In the winter of 1872-'78, Mr. D. H. Fitzhugh, of Bay City, Michigan, 
· Narrative of a JoornQJ to the Shores of the Polar Sea in the years 1~19, '20, '21, '22. 
By John Franklin, Capt. R. N., F. R. S. With an appendix on various subjects,includ-
ing science and natural history. 4to. Loudon; 1823. p. 711. 
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·•·• iw• ,mens tQ Mr. Charles Hallock, of New York, who placed 
r h.-m on • hihition nt the re~taurant of Mr. John Sutherland. Some 
,t" t h11. •. Mr. Sntherlnnd t,ransmitted to Professor Agassiz, au<l the 
"'' •· pt wn.l-4 acknowledged in a letter pnhlished in the New Yor~ 
Tim, . Subsequently, at the reqnest of Mr. Hallock, specimens were 
sent, by Mr. Fitzhngh, to the National Museum at Washington, whsre 
they were received on the 19th of .lt\,bruary of UH3. 
Mr. Hallock makes reference in his book, the Fishing Tourist, aud in 
the first number of his paper,• to the habits of the fish. In subsequent 
numbers, he published short notes from Mr. Fitzhugh, and in t,he paper of 
October 2 appe~red, a quite full account of its habits and localities from 
notes received from Mr. Fitzhugh and other correspondents. Since that 
time, the references to the species have been uumerous in different 
journals. 
In September, 1873, while engaged in investigations on Lake Huron, I 
made a trip with Mr. Fitzhugh to the Ausable River, for the purpose of 
obtaining specime.ns of the grayliug, a knowledge of its habits, and the 
facilities for obtaining spawn in the proper season. 
The exp~rience of the two days on the river proved them to be free, 
strong biters, eagerly taking the fly, and with all the gaminess in re-
sisting the e.ffort to take them from thf\ water with a hook, that is the 
special qnality demanded by the anglers. They were decided to be quite 
equal to the brook-trout on the table; and for grace of form and beauty of 
color on the body and the great dorsal fin that is the peculiar mark of 
the genus, they surpassed all of the ~o-termed game-fishes. One hun-
dred and forty-three were taken with two rods in the portion of two 
dayR occupied on the river. 
Like that of the brook-trout, their natural food consists of the insects ... 
that fall or light upon the surface of the stream. Their stomachs were 
found to contain broken and partially-digested specimens of Ooleoptera, 
Neuroptera, as well as the larvm of i,pecies of the dragon-flies. There were 
also found in their stomachs the leaves of the white .cedar, (Thuja occi-
dentalis,) which drop continually on the surface of the stream, and are 
probably taken because the fish in their quick darts to the .surface 
mistake them for insects falling upon the water. 'It is not at all probable 
that they select them as food. . 
The upper tributaries.of the Muskegon and Manistee Rivers, the Board-
manRiver and the Jordan River, emptying through Pine Lake, all tribu-
tary to Lake Michigan, the A usable, the Rifle, the Marquette, and the Au 
Gres, all tributary to Lake Huron, are the e-treams in which the gray ling 
have thus far been found. The only character that these waters have, 
differing from adjacent streams, is their exceeding coldness. Of the 
Jordan and Aus-;:tble Rivers only, I can speak from personal observation; 
but inquiry from those w.ho have visited the portion of the other rivers 
inhabited by the grayling elicited similar observati9n of temperahire in 
* Forest and ·stream, A~gust 14, 1873, p. 13. 
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the waters. In the two rivers referred to, the temneratnre was nearly 
as low as the ordinary temperature of the springs of the region; the 
result probably of the very numerous springs aJong the banks and in 
the b~ds of the rivers. The temperaturP- of the Ausable during the two 
days we were in the region, late in September, varied from 45° in the 
morning to 490_3 in the evening. The Jordan River, visited in August, 
1871, though not tested with a thermometer, was observed to be much 
colder than the waters of Pine Lake and River, into which it flows. 
Mr. Fitzhugh says, of the Ausable1 '~The south branch of the Ausabla 
is fed by a. swampy lake at its source, and there are no grayling in it 
until you get nearly to its mouth, where it receives large springs, and 
the water becomes pure and cold." 
If this low temperature be the controlling influence in the distribution 
of the species, there will be a considerably more limited area suitable 
for its propagation than for that of the brook-trout. 
The Thymalli of Europe are spring-spawners. Heckel and Kner say of 
T. vulgar~s of Central Europe• that it spawns at the breaking-up of the 
ice in spring usually in March, and the young brood come out in June. 
They, like the trout, excavate a hole in the grave], in.which they deposit 
the eggs, and aecording to these authors cover them over with gra\~el 
after the male has impregnated them. They are said to grow very rap-
idly, attaining a mature size in t-wo years. 
Siebold says of the grayling of this region t that the spawning-season 
begins in March and ma.y last over into April. He says that, in spawn-
ing fishes, the nervous activity of the skin greatly increases, and the 
uuder surface of the scale becomes adh,erent to the skin throughout its 
length ; probably a similar process to that observed in the California 
salmon by Livingston Stone during the spawning season, where the 
scales became im bedded in the epidermal sheathings. t 
Pallas says, of the species of Eastern Siberia and Kamtchatka, that 
it deposits the spawn about the time the ice is breaking up in the rivers. 
The Indians informed Sir John Richardson that T. signifer spawned in 
the spring months. · 
All of the species whose habits have been observed are spring-
spawners. 
In this particular, the species in tho United States ar~ similar. 
This apparent anomaly in the habits of the salmon-family is peculiar 
to the Salmo hucho of Europe and the Thymal'li. It is probably to be 
considered rather as a habit of late spaw-ning, when compared with that 
of the other species, than as earlier. 
The spawning time· of the different species varies considerably as to 
• Die SU88waseerllscbe der ostreicbiscben Monarchie bearbeitet von Jacob Heckel 
odd Dr. Rudolf Koer, Leipzig, Verlag von Wilhelm Engelmann, 1858. p. 245. 
t Die SilMwaaser811cbe von Mittel-Enropa, bearbeitet von C. Tb. E. v. Siebold, Pro-
f6880r der Zoologie und vergJeicbemlen Anatomie in Milnchen. Mit 64 Holzschnitten 
und 2 farbi1eo Tafeln. Leipzig, Verlag von Wilhelm Engelmann, 1863. p. 270. 
See pagea 18.2, 190, in Mr. Stone's article. 
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the t1mP of year.• The Sacramento salmon (Srtlmo quinnat 1) spawns from 
,Jul . until September and even October; the si~cowet of Lake Superior 
( Nalmo si,001C'et) in August and September. This also seems to be the 
Neason for tbe peculiar specfos (S. Kennerleyi) of the Pacific coast; the 
ti. oquassa, similar in habit to the chars of Europe, has a very well de-
fined seaHon, between about October 10 aurl the middle of November .. 
Tlresnlmon-trout(S.namaycush) also spawns in October, while the speckled 
trout (8.fontinalis) begins about this time and extend8 its season in 
some Iocalitills well into the winter. In November, the white-fish of the 
great lakes spawns; and, in the latter part of the month and in Decem-
ber, the lake-herring (Argyrosomus chtpeiformis) in the vicinity of San-
dusky, Ohio, on Lake Erie, was found to begin emission of spawn late 
in November, and continue it into December. The brook-trout of' the 
Pacific slope (8. iridea) is said to beg'iu spawning after Ohristmas; the 
S. umbla of Europe spawns in J auuary and February ; a species, S. scou-
leri, of the Pacific coast, is found far up the brooks in Jan nary, Februar~·, 
and March; the S. lwcho and the Thymalli spawn in March and April. 
The species of the family not here referred to spawn contemporaneously 
with some one of those mentioned. As the reduction of the water to a 
certain condition of coolness seems to have relation to the spa-<vning-
seai.;on of the larger portion of the species, rather than ·an increase of' 
temperature, it would seem to be more correct to speak of those spawu-
i11g in late summer as tbe earlier spawners, and those in the spring as 
the later Rpawners. 
1;he Thymallus tricolo,·, though observed only during one season, evi-
dently spawns in the month of April. A letter from n: H. Fitzhugh, 
of Bay City, who has been identified so much witb the efforts to attain a 
knowledge of the habits of the species, says that "April is undoubtedly 
the spawning-season, as Prell· Mather and I were there on the 1st of 
April and found no ripe fish; Seth Green and I reached there May 1, 
and found all spawned out." 
The period between the deposition of the eggs and the hatching in 
the English species, according to },rank Buckland, is fourteen da,ys. 
Heckel and Kner state that the eggs are deposited in March and April, 
and the young- fisb appear in June ; though this statement ·very likely 
refers to the time when tbe young· fish first attract attention. 
The only experience in grayling-hatching thus far in the United States 
is that of a few eggs procured by Seth Green from the bed of the A usable 
River, and placed under the care of A. S. Collins, in the troughs at Oale-
donia Springs near Rochester, N. Y. t 
* 'fbere is' evidence with relation to certain species of fishes that the season is earlier 
in a southern warmer latitude than farther north. 
t Mr. Collins, in Forest and Stream, publishes notes of his experience as-follows: 
May 5, eggs arrived from Michigan; 8, first egg hatched; all eggs hatched out ; '12, 
first fhih began to rise and cat; 15, all swimming; the ·sac lasts about six days; the 
eggs are nearly as large as trout-eggs, but of less specific gravity; -the fry resemble 
the young of the white-fish, ( Coregon.'tB albus.) 
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In the lettt.>r quoted previously from·D. H. Fitzhugh _it is stated: "l 
do not know any fi.sh-culturists who have grayling except Seth Green 
a.nil Fred Mather, who obtained them lal-lt spring. Mr. Green collected 
about one huud1·ed eggs in the A.usable early in May, and informs 
me he hatched nearly all at Caledonia, and that the fry are thriving: 
George H. Jerome, one of our commissioners, had some on exhibition 
at the Michigan State fair. I do not know how -many are in his posse~-
~on~ . 
Fred Mather, in a letter to Forest and Stream, quotes the statement 
from a letter from A. S. Collins, in · whose hatcµing-house at Caledonia 
the graJling eggs were cared for, that "the young fishes were larger at 
six mouths old than the brook-trout at the same age." 
This is a like fact with that stated by Heckel and Kner with refer-
ence to the grayling of Central Europe, that they grew very rapidly, 
and attained mature size when two years old. 
The average size of the gray ling in the Ausable River is not more 
than ten or eleven inches in length. It rarely attains the length of six-
teeu inches, and the largest recorded weighed less than two pounds; 
the average weight is not more than a half-pound. 
The Old World specie~ have attracted attention from a very early 
period ; the impression that the fish posse$Sed the odor of thyme sug-
gesting the unme of 8vµaV..pi; to the Greeks.* · 
LimuPus called the grayling of Europe and Siberia Salmo thymalus. 
Xrtedi place<l it as No. 3 of his genus Ooregonus. The names Salmo 
thy,nallus and Ooregonus thymallus were applied to all species known until 
Richardson described a species from Northern British America, col-
lected by Lieutenant Back during Sir John Franklin's· first Arctic jour-
ney, as Ooreg01ius signifer; stating that the specific name "standard-
bearer" applied to the character of the great dorsal fin. At the same 
time, a supposed second species was described, which he called Oorego. 
nus th.ymalloides, and which, in the Fauna Boreali-Amerioana, published 
later, be suggests to be the young of T. signifm·, and, at the same time, 
changes the generic name to Thyma.llus. 
After this, additional names were ma,de, supposed to represent species 
of the Old Worid, until the list was increased to the number of ten. 
Nilsson gave the name of Thymallus vulgar·is to a grayliugfound in Norway 
and in Lapland. Agassiz named the gray ling of Central Europe Thymallus 
1'8.»lll{fer; a T. thymallus from Denmark was named by Kroyer; Valen-
ciennes gave the names of Thymalus gymnothorax to one from Berlin, 
Germany; T. gymnoga,ter to one from the Neva near St. Petersburg; 
T • .ll!Jliana to one from Ll\ke Geneva; T. Pallasii to one from Russia ; 
T. ontarien.ais to one supposed to have come from the vicinity of Lake 
• The grayliog, in Northern Italy, is still said to have the common name of Temolo. 
Io Qe,rmaoy, it has the name of .deaol&, referring to its gray or ash-colored tint, a deri-
vation similar to that of its English name grayling, which is said to have been first 
a,ed by Willoghby, who published a. history of fishes in 1686. 
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Ont; r·11, • orth America; T . ..lfertensii described from a drawing of a 
graJlir11 from Kamtchatka. In 1869, B. N. Dybowsky named a gray-
rn ~. fmm Southem Siberia., T. G-rubii. 
Siebold, in bis work on the fresh-water fishes of Central Europe, 
under Thymallus 1Julgaris, includes, T. vezillifer, T. thymitllus, and T. gyni-
notlwrax of all authors, and, in a foot-note, is inclined to refer T. gym,no-
gaster to the same species. 
Giiutber believes that Thymallus verillffer, T. thymallus, and T. gymno-
thorax as referred to by all authors are one anq the same species with 
the first-uamed T. vulgaris of Nilsson. T. ontariensis and T. Merten8ii 
he casts aside as invaluable; the latter probably because it was described 
from a drawing more or less inaccurate of the species it was intended 
to represent. 
The genus bas a wide range in the northern latitudes frolJl Lap.land 
through England and Northern and Central Europe to Italy; through-
out Siberia and Kamtchatka; in the northern fresh waters of Alaska . 
and British America; and in at least two localities in the Uni'ted States, 
that of a portion of Michigan and some of the upper tributaries of tlte 
:Missouri River. 
A very fine specimen of the grayling from the region ~here Ricbar<l-
son procured his specimens is in the possession of the .National Museum 
collection, which corresponds quite nearly with hi~ original description. 
It measures, in extreme length, seventeen and a half inches; and the 
dC\rsal fin exceeds in dimensions everything that has been described or 
figured, except the original figure• of Richardson's type of the ·species 
T. signifer, in the appendix to the narratirn of Sir John Frankliu's first 
journey to the Arctic Sea. 
A comparison of the proportions of the specimen in hand with those 
which have been compiled from t,he figure t published in the Fauna, 
Boreali-..Amerioana of a specimen from Great Bear Lake affords ver.v · 
close similarity of characters. The most marked variations in the two 
series of measuremen_ts are the greater height of body in the drawing 
aud slightly greater length in the maxillary. The description and figure 
of Richardson make the number of scales in the lateral line to be 87, 
while in the Fort Simpson specimen there are 98. 
In the description of T. signifer, it is stated that ther~ are ·no teeth 
upon the tongue, while they are present in the specimen. 
In the description, especially in the measurement of the head on its lat-
eral and superior surfaces, and the length of the snout, the differences are 
much more marked. But these differences are of such extent when com-
* Richardson states t,hat this. :figure is not correct. 
t Richardson says of this figure, HI much regret that that specimen, [ alluding to the 
type specimen of the species obtained :trom Winter Lake,] having gone to deoay,.I can-
not compare it with the one brought by the last expedition from Great Bear Lake, of 
which the figure in the presen~ work is an exact; 1·epreseutation, drawn on a scale oi 
half tho natural size." · 
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pared with a large number of specimens of four species from sen~n 
widely-separated localities in North America and Europe, that a~ error 
· i~ natarctlly supposed. To support this suspicion, the figure which is 
ri:,ferred to as "an exact representation" does not at all corroborate the 
proportions given in the description, but does approach the proportions 
for like measuremen~s in other species of the genus. 
To illustrctte this statement, the length of the head compared to the 
length of the fish. excluding the caudal in twenty individuals of different 
species, showed the different proportions of 19! hundredths to 22½. Cal-
culated from the measurements given in Richardson's description, the 
length of head is only 15½ hundredths, while in the figure 'it is found 
to be 17. 'rhe distauce from snout to edge of orbit, compared to the 
length of head in seventeen specimens, had a range of from 22 hun-
<lredths to 26i, while in the description it is 14~ hundredths, and in the 
drawing 26. 
It has seemed to me that these discrepancies invalidate to a great 
extent the va.lue of the differences between Richardson's specimens as 
described in his later work and the specimen from Fort Simpson . . 
The geographical region from which the type of T. signijer was 
obtained, from which the original of the figure and description in Fauna,, 
Boreali-.Americana came, as well as the specimen in the N atiorral 
Museum is the rnlley of the McKenzie River, from whose tributary 
waters all were taken. 
After consideration of these facts, I have decided to determin~ th~ 
specimen before me to be a true Thymallus signifer, notwithstanding the 
points of difference from Richardsou's description, before referred to, in 
the number of scales in the lateral line, and the presence or absence of 
teeth upon the tongue. 
Three specimens are in the collection from the Yukon River of .Alaska, 
which arrived in too bad condition to be of value. The heads afford 
some characters for comparison, and, in all particulars, correspond well 
with T. sign·ifer. 
The width of the head and of the operculum in two specimens of a 
grnJling from .Alaska-:-skins-labeled "St. Michael'~, Norton Sound, 
H. 1\1. Bannister''-:-but which, it is believed, were brought to that point 
from some stream at a distance-does not resemble T. signifer. 
These have greater width in the interorbital area, and a much greater 
lAngth in the opercnlum than in the other specimens from the far north 
as well as sonth; the proportions of these measurements to the length 
of the head exceeding the maximum in all of the other graylings exam-
ined, except in the first-mentioned character in oue specimen of the 
Michigan species. In other particulars they correspond. 
The bones of the head in the northern specimens are heavier aud 
more compact. A foramen situated in the frontal suture in the gray-
lin •.· from Michigan and Montana was not found in the northern speci-
mens. 
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Tlw lPngth of the maxillary is g-rcater in the southern forms, and the 
clistan<·Ps from snout to dorsal all(} anal tins are greater. 
Tlw uorthn11 spPci11wns differ froIU 'T. tricolor in lrnviug a maxillary 
of less ll'11gtlt and lm,8 distance from the snout to the insertions of the 
dor:-ml a11<l the ventrals, and smaller (liameter of orbit. Teeth are pres-
e11t 011 tile tongue. 
Specimrns of the ::\Iontana grayling, sent from tributaries of the Mis-
souri by George Scott Olllmixon, acti11g- assistant surgeon U. S. A., and 
by Professor llaycle11, to the National l\Im;eum collection, have greater 
height of body than in the Michigan species. Of the latter, out of seven 
speeinwrn, measured, the maximum height was 22½ hun<lredths of the 
length, the minimum being .~0; the mean height was .21 Out of six 
good specimens of the former, the maximum was .24¼ of the length, and 
tlie mi11imu111 was .~:.q, which was more than the greatest height fouud 
in the eastern specimens. This character was confirmed in tho evident 
slell(lerness of all the individuals in a collection of seventy-five speci-
mens from AusalJlc River, Michigan. 
A comparison of measurements of least height of tail also evinced 
similar (liffcre11ecs. 'fhe maximum in the six Montana specimens was 
!) lrnn<lrctlths of the length, aud the minimum was .08i; the averag·e 
being .OS;¾, 'l'he average in the seven An::,;able specimens was .07½; the 
maximum being .08,l:, and the minimum only .07. 
'l1l1e witlth of the head affords another character of similar import. 
In six ::,;pecimc11s examine<l, the witlth of the hea<l is much greater than 
in any of the specimens from Michigan. 'fhe maximum shown by the 
callip<~rs was .48~ of the length of tlrn head, and the minimum .45½; 
while out of seven Michigan specimens, the greatest was ,44i, and the 
least .41 :l, The wi<lth of the iuterorbital areas correspon<led with the 
differcuces of the thickness of the head. 
The maximum aud average lengths of the maxillary and the mandi-
ble, an(l also of the distance from tip of snout to orbit, are greater in 
the l\licltigan species; thongh individuals from each locality were found 
in which they formc<l an eq 1rnl proportion of the length of the head. 
The diameter of orbit is greater in the Michigan fish. The maximum 
in seven fi.slles is .31¼ of the length of the head, while the minimum is 
.~82, In six Montana specimens, the maximum is .28;¾, and the miuimum 
is .24. 
In twenty-five or thirty specimens of the Michigan species examined, 
no matm·ed specimen was found tltat had the least vestige of a tooth 
upon the tongne. '11hree _young individuals out of seven or eight were 
fouu<l to have teeth in this position, from one to three very minute ones 
being found present. 
Out of nine specimens from ::\fontana, partly grown and matured, 
every one had a uistinct patch of teeth upon the tongue, from seven to 
ten in number. 
The leugth of the head from snout to eu.ge of opercle, and from snout 
S. Mis. 74-47 
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to edge of occiput, the width of opercnlum, the distances from snout to the 
insertion of the fins, excepting the dorsal, the lengths of the bases of 
the Jins. the number of rays, the number of branchiostegals, the num-
ber of ~cales in the lateral line, and the number of transverse rows of 
scales above and below the lateral line, and the number of crecal appen-
dages, agree quite closely in a comparisou of these species. 
From a comparison of notes furnished by Assistant Surgeon Oldmixon, 
made from a fresh specimen in Montana, with my own notes, made on the 
banks of the Ausable River, from fresh specimens from its waters, the 
coloration is found to differ somewhat. 
Dr. Oldmixon says that the ''red spots" upon the dorsal are'' enclrclei 
by a thin border of bright emerald-green." • The presence of green upon 
the ventrals, and the fact that the caudal is "plain" as to color, are all 
points of difference in ~xamining the coloration. 
These variations of characters found to exist in the graylings of dif-
ferent regions of North America warrant the recognition of three species 
at least, the descriptions of which are given in the following pages. 
The probability of the existence of a grayling in Canada and the 
Northeastern United States, already referred to, involves the possibility 
that Valenciennes' T. ontariensis may again be found, which will at least 
be likely to revise the nomenclature of the speci~s. 
THYM.A.LLUS Cuvier. 
Fusiform. Mouth small, with. small, needle-like teeth of uniform 
size; none on the pterygoid bones. Dorsal fin very largely developed ; 
rays of anterior portion of fin simple; posterior rays bifurcated, and often 
unusually prolonged. Thoracic region with minute scales; sometimes 
naked. 
THYM.A.LLUS SIGNIFER Richardson. 
Ooreg()'ll,'U8 signifer Richardson, Nar. of Jour. to Polar Sea, Franklin, 
p. 711, pl. 26. 
Ooregonus tkymalloides Rich., op. cit., p. 714, [young.] 
Balmo (Tkymallus) signifer Rieb., Back's grayling, Fann. Bor. Amer., 
part m, p. 190, pl. 88. 
&lmo (Thymallus) tkymalloides Rieb., lesser grayling, op. cit., p. 194. 
Tliymalus Bignifer Cuv. and Val., vol. xxi, p. 450 ; Giinth. Cat. Fishes, 
Brit. Mus., vi, p 202. 
Tkyma_lia Pallasii, Dall, Alaska and its Resources, p. 579 ; Rept. Dept. 
Agne., [U. B.,] 1870, p. 
The greatest height of body is more than the length of the bead and 
much less than the haRe of the dorsal. The length of the snout is equal 
to the diameter of the orbit, and less than the interorbital area· the cli-. - . ' ameter of the orbit is equal to the length of the operculum. The ante-
rior ray of the dorsal fin is in front of a point midway between the pec-
torals and the ventrals. The last ray of the anal fin is posterior to the 
insertion of the adipose fin. 
Tile height is 21f hundredths of the length. The distance from the 
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nu to t h dorsal tin is .31. The distance from the snout to the anal fin 
· . . i I. ' 1,.- distance from the snout to the origin of the ventrals-is .47 • 
T t• 1.-11 ;.! th of the caudal peduncle is .16. 
Tl ... leo ~'II• of the head is .19½ of the length without caudal; the dis-
tanC'\ from snout to nape hi .13¼. of the same. The width of the head is 
.4 •~ of the length of the head; the width of the interorbital area is .26i; 
the length of the maxillary is .30f; the length of ·the snout is .24½ ; the 
length of the opercnlum is .25¼; the diameter of the orbit ~s .25. 
Br., 9: D., 24; A ., 3-11; C., 8-18-7; P., 15; V., 10; scales on lateral 
line, 98; transverse rows of scales above lateral lh1e, 8; below lateral 
line, 11-4. 
The distance from the snout to the dorsal is less than in T. tricolor 
and the adipose fin is more slender. The maxillary is shorter than in 
T. tricolor or T. montar,,ust. The thickness of the bead is less .than in 
T. monta-nus, and the mandible is longer. 
Teeth are present upon the premaxillaries, maxillaries, vomer, pala- . 
tines, mandible, pharyngeals, and tongue. 
Tuere is a smnll naked space on the branchial isthmus. 
Length, 17 .5 inches. 
National Museum, No. 33:33. Locality, Fort Simpson, British Amer• 
ica. Collector, Bernard R. Ross. 
The two skins labeled " St. Michael's, Norton Sound, Alaska," differ 
considerably from the species just described in the greater width of he·ad 
and interorbital area, and markedly in the width of the operculum. In 
all other characters, they are apparently similar. Additional specimens 
are needed to determine its relation to this species. 
THYMA.LL us TRICOLOR Cope.t 
Thymallus tricolor Cop~, Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 
80; Gtinther, Oat. British l\'[useum, vol. 6, p. 201; Cope, Prelim. Rep. U. ·. 
S. Geol. Sun~. Montana and Portions of Allj. Terr., p. 469. § 
Body elongate, snbcompressed, highest at the anterior portion of dor-
sal fin. The greatest height of body equal to the length,of head. The 
* Measured from a. point vertical to the last ray of the anal nn. 
t Described on page 741. 
t The prominent characters of T. vulgaris are the straight profile of the head; the 
muzzle is prolonged and fl11ttened, the lower jaw shutting easily within the premaxil-
laries; the maxillary is short and wide, reaching but little beyond the edge of the eye; · 
the mandiblo is dilated at its anterior end; the orbital opening is ·acute forward; the 
dorsal fin is smaller; the scales are arranged in parallel linear rows; the strire are 
coa.rser; on the anterior of thA thoracic region between the pectoral fins and for nearly 
half the distance to the in11ertion of the ventrals, the skin is naked. The scales in the 
vicinity of this region are very minute, and increase in size rather rapidly npon tbe 
sides and toward the ventral fins; the scales of the lateral line are larger; and the 
appendages to to the ventrals are longer. 
§ Popular descriptions have bee~ given in the following journals: Mather, (quoted. in 
editor's article,) Forest and Stream, (N. Y.,) vol. ii, June 4, 1874, p. 265, (with plate;) 
Mather, (quoted in editor's article,) American Agriculturist, (N. Y.,) vol. ;x.xxiii, p. 338, 
Sept., 1874, (with plate;) Mather, Live Stock Journal, (Buffalo, N. Y.,) vol. v, p.. 214; 
July, 1874, (with plate.) 
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length of the snout is about equal to the interorbital area. The diameter 
of the orbit is greater than the length of the opercu]um. The origin of 
the dorsal fin is vertical to a point mid way between the insertions of the 
pectorals and the ventrals. The l~st ray of the anal fin is opposite to 
the anterior insertion of the .. adipose fin. ' _ 
The greatest height is .21½ of .the length without the caudal; the 
greatest width of body is .09; the least height oftaH is .07¾; the length 
of the caudal peduncle,* .16; the distance from the s11out to the <lorsal 
fin is .35!; the length of the bas~ of dorsal is .23 ; the distance from the 
snout to the anal fin is .76; the distance from sn_out to ventrals is .51; 
the Tength of the median rays of caudal is .07 ¼ ; the length of the exter-
nal ravs of the same is .20. 
He;cl .21½ of the length withoi1t caudal; the distance f1:'om the snout 
to the nape is .15¼; the width of the head is .44½ of the length of the 
head; the width of the interorbit,al area is .24~ of the same ; t,he lengtq 
of the maxillary is .33!; the length of the mandible is .51; the length 
of the snout is .25; the length of the operculum is .25~; the diameter 
of the orbit is .27f. 
Br., 9; D.', 24; A., 3-11; C., 8-19-7; P., 16; V., 10; scales in lateral 
line, 92; transverse rows of scales above lateral line, 8 ; below lateral 
line 11-4; crecal appendages, 18. 
The height of the body is less than in T. rnontanus; the length of the 
head is greater tllan in T. signifer; the distance from the snout to the 
dorsal fin is gre~ter than in T. montanus or in T.· signijer; the furcation 
of caudal is slightly more; and the adipose fin is larger. · 
The head is more compressed than in the two species mentioned; the 
maxillarI is longer; and the diameter of orbit is greater. 
There nre teeth upon the premaxillaries, maxillaries, vomer, pala-
tines, mandibles, and pharyngeals. In mature specimens, no teeth are 
found upon the tongue; anrl but rarely from one to three minute teeth 
are found in this position in young Rpecimens. 
The scales have le~s of the regular linear arrangement than is found 
in T. t:u?gatis and T. montanus. 
Color: purplish gray, (in young specimens approaching silvery white 
on si<I, and belly;) darkest on back, and verging toward white on belly, 
ith faint tendency to bluish tint. The premaxillary and tip of mandible 
have a bluish tinge; the same color shows strongly on the white of the 
inside, of1:he lower jaw. The opercnla have broi1ze-yellow, purplish, and 
dusky tints. The sides fr.om the opercula to the middle of body have 
smaH; black, irregular s11ots. In young specimens, the spots continue 
much fartb~r towarc.l the tail. 
The pectoral fins are light brown, with a yellowish cast. The outer 
ra'j is dark brown ; the inner and inferior margin of the fin pale slate. 
The ventral fin bas the distal half of the outer ray black; the proximal 
portion is lighter; diagonal lines of rose-color extend across the mem-
1, eore'1 from the vertical of the posterior edge of the ac.lipoee fin to the caudal. 
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I 1 11 nnd r · ; the first line begins in the middle of the anterior ray 
and • , .. ,11 diagonally across the membrane and the secoud ray; the 
Hecond line bas its origin at the proximal end of the first ray, and, ex-
tends across membranes and rays, to tbe outer end of the fourth ray; 
the third liue begins near the body on the fifth ray, and extends along 
the intervening membrane between the fifth and sixth rays; the fourth 
line, beginning imme distance from the body, upon the membrane bPtween 
the seventh and eighth rays, extends in a broken line anteriorly, and 
tennina.tes upon the membrane between t.he sixth and seventh rays, and 
upou thA seventh ray. The lines sometime have fl.eeks of yell?w upon· 
them. The rest of the fin is dusky, the first rays and membranes being 
darker than the others. 
The dorsal along its insertion has a black line; next, one of faint rose-
bue; then there is a blackish one; again one of rose-hue;' then blackish 
again; then there is one of' rose-hue, beginning at the sixth ray and ex-
tending to the middle of the fin, and continuing .out as a row _of spots in 
a dark ground; then there is a row of spots of dusky-green tint; then a 
row of minute spots of rose; then a broad tlusky area. The middle 
portion of t,he margin of the fin is tipped with rose. 
The anal and adipose fins are dusky with a faint bluish cast. 
The central rays of caudal are purplish pi~k; the other rays are dusky 
brown. The outer margin of the caudal is tipped with lines ot: colors like 
a faint spectrum. 
A very small naked space is found ou the branchial isthruu~. 
Length, 11.83 inches. 
National Museum, No. 11099. Locality, Ausable River, Michigan. 
Oollector, D. H. Fitzhugh, jr. . . 
THYMALLUS MONT.A.NUS, sp. nov . . 
Form much less elongate than in T. t-ricolor. The greatest height of 
the body is more than the length of the head, and nearly equal to th~ 
base of the dorsal. The length of the snout is less than the widt.h of the 
interorbital area. The diameter of the orbit equals the widtb of the 
operculnm. The origin of the d'orsal fin is anterior to a v;int · mid way 
between the pectorals and the ventrals. · · \. 
The height is .23½ of the length without the caud~l; the greatest 
width of the body is .10½; the least height of tail is .09; the length-of 
the caudal peduncle i~ .15½; the distance from the snout to the dorsal fin 
is .33~; the length of the base of the dorsal is .25; the distance from the 
snout to the anai fin is .75; the distance from tbe snout to the,veritr~ls 
is .45!; the length of the median rays of the caudai is .07 .; the length 
of the external rays is .16¼. 
The head is .21½ of the length without the caudal; the dista~ce from 
the snout to the nape is .15½; the width of the head is .45-¼ of the length.-
of the head; the width of the interorbital area is .26!; the Jength of the' 
maxillary is .32f; the length of the mandible is .4 7¼; the length of the 
-
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snout is .24!; the length of the operculum is .24½; the diameter of the 
orbit is .25f. . . 
Br 9 . D 29. • A 3-11 · C., 6-19-7; P., 16; V., 10; scales m lateral ., ' ., ,;,J ' ., ' • 
line, 95; t,-ansverse rows of sqales above lateral hne, 8; below lateral 
line 10-5 · crocal appendages, 18. 
The bei;ht of the body is greater than in the other American species ; 
the length of the head is greater than that of T. s-ign'ife.r. The distance 
from the snout to the dorsal is greater than i □ the latter species and 
eligbtl)r less than in T. tricolor. The fnrcation of the caudal is less than 
in T. tricolor; the adipose fin is more slender in form ; the head is 
thicker; the_ length of the maxillary is less, as is also .the diameter of 
the orbit. 
Teeth are present on the premaxillaries, maxillaries, vomer, palatines, 
mandible, and pharyngeals, and a, group of se\Ten or eight are found 
upon tbe tongue. 
The scales to some extent assume the linear n.rrangement characteriz-
ing T. vulgaris and not discernible in T. tricolor. The scales in the tho-
racic region are slightly smaller than in the latter species. A small 
naked space is to be seen on the branchial istlimns. 
Length, 11.75 inches. 
National Mnsenm, No. 13090. Locality, Camp Baker, tributary of 
the Missonri River, Montana Territory. Collector, J. Scott Oldmixon, 
acting assistant surgeon, United States Army. 
MATERIAL. 
Thymallus vulgaris Nilss.-One specimen, 10 inches long, presented by . 
H. Denny, Leeds, England ; two specimens, 12! inches in length, from 
Rudolph Hessel, Offenberg, Germany. 
Thymallus signifer Rich.-One specimen,-carefully-stufl'ed skin, in ex-
cellent condition,-17½ inches long, from B. R. Ross, ,Hudson Bay Com-
)>any's factor, Fort Simpson, B. A.; one specimen, 7½ inches long, in 
alcohol, from same locality and collector ; three specimens, alcoholic, 
iu bad condition, from Yukon River, Alaska, W. H. Dall; two speci-
mens,-diftering slightly from the others,-labeled " St. Michael's(!), 
Norton Sound, Alaska, H. M. Bannister." 
Thymallus tricolor Cope.-Seventy-five specimens from Au Sable 
River, . icbigau, from 6 to 14 inches in length; collected by D. H. Fitz-
hugh. jr., and James W. Milner. 
Tllymallus montanus, sp. uov.-Tbree specimens, collected for Smith-
sonia·u Institution, at solicitation of Surgeon J. F. Head, U. S. A., by 
Acting A~sistant Surgeon George Scott Oldmixon, Camp Baker, Mon-
tana Territory ; t.brP.e specimens, (arrived in bad condition,) collected by 
0. A. Hart, acting assistant surge,1n United States Army, at the request 
of Surgeon J. F. Head, from Fort Shaw, Montana Territory; three speci-
mens, collected by Dr. F. V. Hayden, United States geologist, at Willow 




XXXI.-TlrnPERATURES rn THE GULF OF MEXICO. 
l For till' following article on the kmperatnres and_ depths of the Gulf 
of ::\l«-xico, wit Ii n•frrence to the abode therein of sba<l and salmou, I am 
i111l«-htP1l to Uapt. C. P. Patterson, Snperiuten<.lent of the United States 
Coa~t-H11t'Y<'Y· It ii-, proha,ble that the earlier observations <lo not give 
a ~uflicie11tly low i1Hlication of the temperature; all indications prior 
to the i11tl'<Hl11ctio11 1>f the encased-bulb thermometers of Negretti an4 
::\liller lwin~ liable to this error.-S. F. BAIRD.] 
l/llitNl States Coast-Survey report for 1854, p. 72.-" Between latitude 
~s') to '..!Go 40', arnl within 30' of longitude of Pass ~). Loutre, (the latitude 
of the p11trn11ee of tlte pass being 20° 10' ,) the temperature of the water 
at the i::;nrface was fonnu to be from 77° to 7S° Fahrenheit, the air being 
fro111 7~0 to 77°. At ;30 fathoms, within the same limits, the temper-
ature was abont 77°, but the subsurface temperatures were very irreg-
ular. rrhe~e observations were macle on the 5th, 6th, and 7th of April, 
H\ti-1. North of latitude 28° 40', 1° east of Pass a Loutre, the temper-
ature8 at the surface were 70°, G9°, anu 68° on the 8th and 9th of April, 
the air being- 71° a11d 70°, auu the temperature at 15 fathoms 70°.5 and 
G8°, showing, within forty nautical miles, a fall in the temperature of 
the :,.;m'l'ace aIHl below of some 8° Fahrenheit. This remarkable change 
requir11H farther investigation."-(From the II,rdrographic Work of Lieu-
te11a11t Sands relating to Deep-Sea, Soundings and Temperatures.) 
Unite(l States Coast-Sw·vey report for 1855, p. S9.-" Late in December, 
while the temperature of the air was from 61° to 73°, surface temper-
aturm; in the Gnlf were found. as high as 77° Fahrenheit, aud that at 
the depth of about 230 fathoms the lowest temperature measured was 
50° .Fahrenheit."-(H.eported by Lieutenant-Uommauuer Sands.) Sev-
eral stations off the month of the Mississippi, at depths from 15 to 50 
fathoms, as given on his sketch, make the surface and subsurface tem-
peratmes nearl_y the same, but som0 stations were warmer than others, 
varying from G8° to 7so. 
United States Coast-Su,rvey report for lSGG, p. 75.-(From Commander 
Sanus' work. He ran lines of soundings between Ke_y West and the 
:Mi:-,sissippi Delta, &c.)-" The interesting results as to the ueep-sea tem-
peratures uevcloped along this line are shown in the diagram of sketch 
No. 40. Between latitndes 27° 0G' and 28° north and longitudes g50 20' 
and 8G0 3!J' west, in the Gulf, at the depths of 421,610, and 790 fathoms, 
temperatures as low as 35° and 36° Fahrenheit were reached. in the 
month of April. The. lowest temperature in winter belonging to this 
region is about 5~0 , at a depth of 230 fathoms." 
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United States Coast-Survey · report. for 1857, p. 102.-(Fr9m the work 
of Commander Sands on Deep-Sea Scmndings between the Delta and 
Key West.)--"At the bottom,-the temperature in the month of May was 
aso Fahrenheit, ~he air being 78° and the s.urface-water 77½0 ," 
United States Ooast-Su,rvey report for 1858, p. 89.-" The highest tem-
perature observed at 50 fathoms was 78° Fahrenheit, and the lowest 
obtained 380, at the depth of 802 fathoms, at the position 9, five miles 
from Havana." 
"On the line from the mouth of the Mississippi to the Tortugas, Com-
mander Sands found the temperature at the bottom, at the depth of 
1,133 fathoms, to be 28° Fahrenheit. This position is in latitude 27° 
16' north, longitude 86° 57' west." 
Bame volume, p. 106: "From . the Southwest Pass of the Mississippi, 
Commander Sands, in the steamer·Walker, carried a line_ for depths and 
temperatures across the Gulf in the dii:ection of the Tortugas. The 
greatest depth found on the line (1,710 fathoms) was in a position nearly 
south of one in which a deep cast (1,511 fathoms) was made in the pre-
vious year. At the next station eastward, 2,000 fathoms of line were 
payed out without indicating bottom. Tl.tis was in a position north of 
the passage between the western end of Cuba.and Yucatan." 
The temperatures were observed at the surface, at 50, and at 100 fathoms, 
and at the bottom, in 22 different positions, the lqwest (34°) being ob-
tained at a depth of 896 fathoms, about one hundred and twenty miles 
from the Delta. The surface temperature in the same position was 77°. 
United States Ooast-Burvey report for 1859, p. 80.-The above results 
were verified by Lieutenant-Commander Huger, and something added 
to the data for the Gulf Stream between Cuba and Florida, where tem-
peratures are found of 38° at a depth of 600 fathoms. 
United States ·aoast-Survey report for 1860, p. 84.-Lieutenant Wilkin-
son, in returning from Mobile to Key West, '' observed with the deep-sea 
thermometer and recorded the temperature found in the Gulf water to 
a depth of 200 fathoms. Besides the record of the air-thermometer and 
the register at the depth just stated, the temperature was noted in 
twenty-three positions, at the surface also, and at 10, 30, and 1.00 fathoms. 
In latitude 24:0 05!' north, longitude 820 52' west, (see sketch No. 27,) 
the temperature found at 190 fathoms was 38° by the Saxton thermom-
eter, that of the surface being at the same time 830 ." 
In 1872, lines of soundings were run by Lieutenant-Commander J. A. 
Howell, from the records of which enough have been selected to afford 
some knowledge of the temperatures met with. The maximum ancl 
minimum tempera.tores were obtained with a deep-sea registering-ther-
mometer. 
February 1'7, 1872: 
l 5l p.111 ••• , 
3 5p.m ..... 
4 19 p. m ••• 
5 45 p. m •••• 
7 19 p. ID ••• 
8 37 p. m ••••• 
9 45 p. tu ••••• 
1056p.m .•••• 
February lt3, 1872: 
o 15a. m .•••• 
1 411a. m •••• 
3 3a. m .•••• 
4 16 a. m .•••• 
6 13 a. m .•••• 
7 24 a. tu ••••• 
9 0 a. Ill ••••• 
10 24 a. m .•••• 
1150a.m ..••• 
t 21 p.m ..••. 
3 5p.m .•••• 
4 41 p.m .•••• 
8 51 p.m .•••• 
940p.m .•••• 
10 24 p.111 ••••• 
11 17 p. m ••••• 
February 19, 1872: 
0 23 a. m .••.. 
1 43 a. m .•••• 
7 28a. m .•••• 
Febrnary20, 1872: 
1 9 p.m .••• 
2 7p. m •••• , 
2 58 p. m ••••• . 
3 56 p.m .••• 
4 51 p.m .••• •. 
5 54 p. m .•••• 
7 4 p. m .••• ~ 
8 30 p. m .••• 
10 40 p. m .•• 
April 20, 1872: 
O 35 a. m .•••• 
1 50 a. m .••• • 
3 7 a. m .•••• 
5 44 a. m .••• . 
8 Sa. m .•••. 
10 50 a. m ..••• 
12 14 p. lll ••••• 
1 30 p. m ..•• . 
2 55p.m .••• • 
4 15 p. m .•••• 
6 lOp.m ..••. 
7 54 p. m .•••• 
.April 22, 1872: 
1 18 a. m .•••• 
7 10 a. m ••••• 
216p.m .•••. 
3 59p. m .•••• 
10 Op.m ..... 
April 23, 1872: 
g,~:::::::: 
3 26 a. m ...•. 
3 47 a. m .•••. 
6 51 a. m ..••• 
9 Oa.m .•••• 
11 30 a. m .•••• 
12 57 p.m .•••• 
3 37 p. m .•••• 
6 49 p. m .•••• 
11 31p.m ..... 

































































Table of temperature,. 
Position. ai. a·;, 
~f ~J-
(D = .• 
(D "CS -~ "CS _g ~ii--.B ·;, 
== 
= g.~! .s ~ A.._. 
0 I 0 I 
25 03 N ... 82 0.9W ... 10¼ L ... 
25 03 N ... 82 6.2W .•. 10, L ... 
25 03 N ••• 82 11. 7W ... 12 L ... 
25 03 N ... 82 17.8 w ... 13 L ... 
~5 03 N ... 82 23. 6W, .. 15 L ... 
25 03 N ... 82 30.4W .•• 16 L ... 
25 03 N ... 82 36.6W ..• 19 L ... 
2503.lN .•. 82 42. 5 w ... 22 L ... 
2503.2N ••• 82 49.2W .•. 2~ L ... 
25 03.2N .•. 82 56 w ... 2:'i L ... 
2503.3N .•. 83 2.6W ..• 27 L ... 
25 03.4 *'"" 83 8.BW ... 30 L ... 25 03.5 ... 83 15.5W ... 33½ L ... 
2!} 03.6N ... 83 21. 7W ... 34! L ... 
2503.6N 83 30 w ... 36 L ... 
25 03.7N .:: 83 36.5W ... 39 L ... 
2."i03.9N ... 83 42. 2W .• 40 L ... 
25 03.9N . .. 83 49 w ... 46 L ... 
25 04 N ... 83 55.1 w ... 60 L ... 
2502.SN .•. 84 3 w ... 78 R. 
24 56.5N ... 84 14 w ... 169 R ... 
24 55.1 N ... 84 15.5W ..• 183 R ... 
24 53.9N ... 84 17.1 w ... 191 R ... 
2452,5N •.. 84 19 w ... 335 R ... 
24 50 N ... 84 22.3W ..• 305 R ... 
24 47 N ... 84 26.3W ... 350! R ... 
24 44 N ... 84 30 w ... 472 R ... . 
25 50 N ... 84 33 w ... 109 R ... 
25 50 N . .-.. 84 38 W ... 109 R ... 
2.'i 50 N ... 84 43 w ... 118 R ... 
25 50 N ... 84 48 w ... 151t R ... 25 50 N ... 84 52. 3 w ... 214 R ... 
25 51. 5 N .•. 84 58.4W ... 340 R ... 
25 54 N .•• 85 l.BW ... 403 R ... 
25 57.5 N .•• 85 7.2W ... .g~d R ... 
26 3 N ... 85 6 
__ o_ 
w ... 1.000 R ... 
27 7.5N .•. 83 59 w .. . 42 L ... 
27 7.5N .•. 84 5 w ... 44 L ... 
27 7.5N .•• 84 11 w .. 50 L ... 
27 7.5N .•. 84 20.2W ... 70 L ... 
27 7.SN ••. 84 29 w ... 90 L ... 
27 8 N ... 84 36.6W .•. 100 L ... 
27 8 N ... 84 43.9W ... 105 L ... 
27 8 N ... 84 49.3 W ... 134 .R ... 
27 8 N ... B4 55.4W ... 178 R ... 
27 8 N ... 85 3.lW .•. 370 R ... 
27 8 N ... 85 8.9W ... 515 R ... 
27 8 N ... 85 16.1 w ... 815 R ... 
26 17. 5 N .•• 85 20. 5W ... 1,708 R ... 
26 17. 5 N .•. 85 15.9W ... 1,224 R ... 
2617.5N ... 85 15.9W ..• 1,116 R ... 
2fil7.5N .•• 85 7.7W ... 1,821 R . .. 
26 17. 4 N .•. 84 53.2W ... 748 R ... 
26 17.4N ... 84 47. 4 w ... 403 R ... 
26 17. 4 N ... 84 4Q W ..• 180 R .•. 
2617.4N .•. 84 37 w ... 133 R ... 
26 17.4N .• .. -.... -.. -. - .... la2 R ... 
26 17. 4 N •.. 8431.4W ... 123 R ... 
26 17.3N •.• 84 26. 5W ..• 113 R ... 
26 17.2 N ... 84 19.1 w ... 100 R ... 
2617.2N •.• 84 14 w ... 93 R 
26 17 N .•• 84 2.5W .•. 73 R.:: 
26 17 N ..• 83 50 w ... 61 R ... 





Gi Subsurface. 0 
~ '£! 
~ c:, Max. Mill. rn ----
0 0 0 0 
li8 69 72 68 
69 69 67 68 
67 69 67 67 
66 69 67 67 
67 69 69 68 
66 6!1 68 66 
67 68 68 66 
67 70 68 66 
66 69 67 68 
67 69 69 65 
67 66 68 67 
67 70 67 66 
66 69 67 63 
69 68 67 65 
69 69 67 67 
73 70 70 68 
74 70 70 (i8 
75 71 69 67 
73 70 68 64 
74 78 71 61 
76 78 74 55 
76 77 75 52 
77 77 80 47 
77 77 77 43 
77 78 77 43 
75 78 77 43 
75 76 77 41 
70 78 73 6~ 
73 77 74 64 
72 77 73 64 
73 75 73 62 
72 75 75 54 
68 78 78 46 
69 76 71 42 
68 74 71 40 
69 74 75 40 
75 76 82 72 
76 76 92 73 
74 77 89 74 
74 77 83 77 
75 77 84 73 
78 80 ......... 67 
78 80 80 66 
78 85 85 6Es 
78 79 84 65 
77 79 82 55 
77 78 85 53 
76 78 ........ 41 
76 80 88 40 
75 80 79 41 
83 84 77 46 
79 82 76 41 
77 81 80 41 
76 80 76 43 
77 80 72 57 
75 80 72 56 
75 80 72 56 
73 80 72 57 
77 80 75 60 
79 81 80 57 
75 BG 82 58 
75 78 73 61 
73 77 85 74 
74 78 72 67 
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Table of temperatu1·es-Continued. 
~ Position. cti UJ Temperatures, 
i:I e·Si 
:a 0 Q;) 
i:I :Sn 
= ~~ Water. ;l ' .... ai i:I -~ 
0 ai ,,:, -~~:§ t ·-= = ci Subsurface. ,::, = ~ :S 11-:- Q 8 :::: r!! 
~ A g8: r,.; I'< = 0 :;i = Max. M.in. z H H w. --
.A pril 24, 1872 : 0 I 0 I 0 0 0 0 
112 a. m ..... 39 26 16. 8 N ... 83 28.1 w ... 35 R ... 77 78 76 65 
3 59a. m ..... 44 26 16. Ii N .•. 8316.1 w ... 30 R ... 74 78 79 67 
6 41 a. m .•••. 48 26 16. 6 N ..• 83 6.2W ... 27 R ... 73 79 75 49 
9 29a. m ..... 53 26 16. 5 N ... 82 55 w ... 21 R ... 72 74 75 71 
7 2p.m ..... 89 26 16 N .•. 82 21.9W ... 8 R ... 71 78 85 83 
.A l'ril 27, 1872: 
1 25 2 N ... 84 2.5W ... 83 R ... 73 78 71 5 2'.l a. m ..... .. ...... 
6 la. m ..... 2 25 2 N ... 81 5.5W ... 86 R ... 73 78 78 64 
7 24 a. m .•••. 3 25 2 N .•. 84 12.5W ... 169 R ... 75 78 78 52 
8 50 a. m ..... 4 25 2 N ... 84 17.6W ... 278 R ... 77 78 80 46 
1019a.m ..... 5 25 2 N ... 84 23.SW ... 868 R ... 76 79 79 41 
11 40 a. m ...•. 6 25 1.9N ... 84 28.SW ... 871 R ... 76 81 73 39 
3 2p.m ..... 7 25 1.8N ... 84 :-io w ... 1,446 R ... 76 81 79 39 
6 32p.m ..... 8 25 1.•,N ... 84 36 w ... 1,664 R ... 75 _81 77 41 
llay 13, 187:2: 
7 24 30, 6 N •.. 83 2.SW .•• 15 L ... 74 78 86 85 8 5 a. m ..... 
8 5l a. m ..... 8 2429.lN ... 83 5 w ... 24 L ... 76 78 85 84 
10 15a. m ..... 10 24 25 N ... 83 13.5W .•. (l3 L ... 78 79 85 68 
12 15 p. m ..••. 13 24 21.2N ... 83 21 w ... 190 R ... 80 78 82 53 
3 38p.m ..... 16 24 16 N ... 83 30 w ... 380 R ... 77 78 86 55 
5 11 p.m ..... 17 24 12.5 N ... 83 36.2W .•• 521 R ... 75 78 91 47 
7 Op.m ..... 18 24 5.7N 83 41 w ... 646 R ... 78 79 85 46 
9 25p.m ..... 19 23 59 N.:: 83 45.5W ..• 728 R ... 74 7'l 82 42 
May 14, 1872: 
0 3 a. m ..... 20 2.1 50.9 N ... 83 49 w ... 892 R ... 74 79 83 45 
3 37 a. m ..... 2l 23 42 N ... 83 52 w ... 1,101 R ... 76 80 82 . 45 
7 5a.m ..... 22 23 33 N ... 83 52 w ... 826 R ... 78 Bl 84 42 
10 30a. m ..... 23 23 33 N .•. 83 52 W ... 1,170 R ... 84 80 82 41 
12 36 p. m ..••• 24 23 28 N ..• 83 55 w ... 1,313 R ... 83 82 85 41 
4 30p.m .••• 25 23 22 N .•• 83 58 w ... 1,362 R ... 84 82 90 40 
May 15, 1872: 
4 57 a. m ..... 26 23 18. 7 N ... 84 41.5W ... 1,140 R ... 79 80 84 40 
9 3a.m ..... 27 23 24.4 N ... 84 40 W .. 1,382 R ... 79 81 84 42 
12 30 p. m ..... 28 23 29.5 N ... 84 39 w ... 1,694 R ... 84 82 85 41 
4 10 p.m ..... 29 23 31. 7 N ... 84 32 w ... 1,505 R ... 82 82 84 40 
8 55 p.m .... 30 2335.lN ... 84 23 w ... 1,383 R ... 80 81 84 41 
Hay 16, lffi: 
O 59 a. m ..... 31 23 39.3N ... 84 15 W ... 1,528 R ... 77 81 85 41 
4 48 a. m .... 32 23 43 N ... 84 10.6W ••• 1,308 R ... n Bl 84 40 
8 40 a. m .... 33 23 47 N ... 84 1 w ... 1,199 R ... 79 82 85 41 
XXXII.-CORRESPONDENCE WITH COMPANIES IN REFERENCE 
TO FACILITIES. 
The railroads which favored the Commission in the transfer of the shad 
in 1873 were : 
The Lake Shore and Michigan Southern, through Charles Paine, gen-
eral superintendent, Cleveland, Ohio, and J. H. Parsons, superintendent 
western division, Chicago, Ill. 
The Pennsylvania Railroad Company, by direction of Col. T. A. Scott. 
The Orange, Alexandria and Manassas Railroad, through J. Fi.sher, 
general traosportation agent, Alexandria, Va. 
Burlington and Missouri River Railroad. 
Tile Connecticut River Railroad, through Mr. Ward, depot-master, at 
Holyoke, Mass. 
The Vermont Central Railroad. 
The Toledo, Wabash and Western Railway. 
The Chicago and Northwestern Railroad. 
The 'Atlantic, Mississippi and Ohio Railroad, through F. N. Hugher, 
master of transportation, Lyncbburgb, Va. 
The Chicago, Burlington and Quincy Railroad. 
On all the above roads the cans were carried as baggage, without 
extra charge, and access to them afforded at all times. 
The New York Central Railroad. 
Tile Boston and Albany Railroad. 
New York, New Haven and Hartford Railroad. 
Boston and Maine Railroad. 
Maine Central Railroad. 
European and North American Railroad. 
These roads afforded access to the baggage-cars for attendants, and 
with many of them the amount charged as extra baggage tariff was a 
merely nominal sum. In the case of but one was any application made 
to its chief officers for favors. 
COMMONWEALTH OF VIRGINIA, 
OFFICE OF AUDITOR OF PUBLIC ACCOUNTS, 
Richmond, April 30, 1873. 
DEAR Sm: I was informed by Governor Walker a few days ago that 
application had been made to him for the use of one of our State steam- . 
ers for the Fi~h Commissioners. I informed the govemor that I could 
furnish one after the 1st of May. I write now to say that I have seen 
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o. A. Brown, esq., inspector for the third or Eastern Shore district, 
commanding the steamer Tredegar, and instructed him to be in read-
iness to serve the Commissioners at any time they may designate. As 
Captain Brown would like to have a few days' notice beforehand, so 
tba"t be might make some additional arrangements on his b9at for the 
accommodation of the Commissioners, I write to say tha~ you can 
address him at Onancock, Accomack County, Virginia, and he will give 
prompt attention to your communication. 
Farther, I hope to obtain in a few days several documents upon the 
subject of the oyster-fisheries, which may be of interest to you in the 
preparation of your official report upon the subject of tlle fisheries, 
alluded to in your letter to Secretary McDonald. 
I am, very respectfully, · 
SPENCER.F. BAIRD. Esq., 
Commissioner. 
WM. F. TAYLOR, 
.Auditor Public Accounts. 
EXECUTIVE OFFICE, 
WESTERN UNION TELEGRAPH COMPANY, 
New York, July 17, 1~73. 
DEAR SIR: I take pleasure in inclosing herewith the letter of instruc- . 
tions to our managers requested in your letter to General EcJrnrt, June 
24. I have also forwarded the copy requested for Mr. Milner, Castle-
ton, N. Y. 
Very respectfully, 
SPENCER F. BAIRD, Esq., 
GEO. H. MUMFORD, 
Vice-President. 
United States Commissioner, Portland, Me. 
EXECUTIVE OFFIOE, . 
WES'l'ERN UNION TELEGRAPH COMPANY, 
New York, Decem,ber 26, 1873. 
DEAR SIR: I have received your favor of the 23d instant, requesting 
letters in behalf of Mr. Livingston Stone and Dr. J. H. Slack, directing 
the acceptance at Government ra,tes of their messages on the business 
of the United States Commission Fish and Fisheries. In reply I would 
say that I take pleasure in inclosing the letters, as requested. 
Very respectfully, 
SPENCER F. BAIRD, Esq., 
GEO. H. MUM~ORD, 
Vice-President. 
United States Oomtnissioner Fisl1, and Fiskeriea, Washington, D. O. 
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ADAMS EXPRESS COMPANY, 
No. 164 W. Baltimore Street, Baltimore, Md., .April 23, 1873. 
The ageuts of the Adams and Southern Express Companies will 
please extend to Prof. S. F. Baird, United States Fish and 1nsheries 
Commissioner, every facility for the transportation from point to point 
of young fish for the purpose of stocking the rfrers of the South and 
Southwest with shad. · 
Any attention by the agents and messengers to Professor Baird or 
his assistants, who will in each case accompany the packages of fish, by 
the way of securing prompt transmission of them, and the procuring 
of fresh water along the route during the stopping of the trains, will 
be doing a public service, and greatly oblige • 
Yours, respectfully, 
SAML. M. SHOEMAKER, 
Resident. Manager .Adams Express Company. 
AD.A.MS EXPRESS COMP.A.NY, B.ALTIMORE DIVISION, 
Washington, JJ. O., June 7, 1873. 
GEN1'LEMEN: It is the wish of Mr. S. M. Shoemaker, resident man-
ager of this compa.ny at Baltimore, that you will render every facility in 
your power to the assistants of Prof. Spencer F. Baird, of the Smith-
sonian Institution, who are engaged in transferring living shad and 
other food-fishes for introduction in distant waters. 
Any courtesy extended will be greatly appreciated and reciprocated 
i?Y 
Yours, respectfully, 
To AGENTS OF ADAMS EXPRESS COMP ANY. 
G~ W. MOSS, 
Acting Agent. 
AD.A.MS EXPRESS COMP .A.NY, 
OFFICE OF THE GENERAL SUPERJNTENDEN'I1, 
59 Broad"!lay, New York, June 11, 1873. 
To Agents and Messengers of Adams Express Company: 
The bearer is one of the Commissioners appointed by the Government 
to stock the western waters with shad, and he is now en route in said 
capacity. I have to request that you will afford him every facility for 
the careful transportation of the spawn and small-fry he has in charge, 
and that you will aid him in every way possible'in procuring fresh water 
aml icA, and in such other manner as he may indicate. 
Agents, at points where the Commissioner leaves spawn for deposit in ~ 
the rivers or other streams of the vicinity, will request the aid of the 
local authorities, and invite them to witness that the ·spawn is properly 
deposited at the earliest possible moment after reception. 
HENRY SANFORD, 
General Superintendent. 
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WELLS, FARGO & COMP.A.NY, 
84 Broadway, New York, June 23, 1873. 
DEAR SIR: In response to your favor of the 9th, we beg to hand you 
herein a letter addressed to agents by our general superintendent, Mr. 
Valentine, which will secure to your orders concerning· the fish-ship-
ments the requisite attention. · 
We remain, dear sir, yours very truly, 
WELLS, F .ARGO & 00. 
Hon. SPENCER F. BAIRD, 
Commissioner, Washington. 
· WELLS, FARGO & COMP.A.NY, 
84 Broadway, Neu., York, June 23, 1873. 
DEAR Sm: Please extend to the Hon. Spencer F. Baird every facil-
ity likely to conduce to the successful transportation of the Ii ving fish 
about to be forwarded by him and by his order. 
Please note particularly his directions· concerning the care of the 
fl.sh, and comply therewith, when you-can do so without conflicting with 
our rules and regulations. 
Yours, truly, 
To AGENTS. 
JNO. J. VA.LENTINE, 
General Superintendent. 
AMERICAN EXPRESS COMP .A.NY, 
President's Office, Buffalo, June 13, 1873. 
DEA.R Sm: I am this day in receipt of your letter of the 9th instant. 
As I wrote you last summer, wo will do, cheerfnlly, all in our power 
to assist you in the matter of the distrlbution of .fish among the western 
waters, an<l to that end I beg to inclose a circular-letter to our employes, 
requesting their co-operation. 
If you will indicate the points where you specially desire to operate I 
will t 1.~ 1 plea.snre in writing special letters on the subject. 
Yours, truly, 
SPENCER F. BAIRD, Esq., 
Commissioner, Washington, D. 0. 
WM. G. FARGO, 
President. 
AMERICAN EXPRESS COMP .A.NY, 
President's Office, Buffalo, June 13, 1873. 
The agents, messengers, and other employes of this company are 
herel1• requested to aid in every possible way the parties who are 
11 .-.-; • · l in the transportation of live flsb, with which to stock the 
1·1 1 rs under the direction of Hon. Spencer F. Baird, United 
' , , missioner Fish and Fisheries. 
WM. G. FARGO, President. 
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AMERICAN EXPRESS COMP ANY, 
SUPERINTENDEN'.1.''S OFFICE, EASTERN DIVISION, 
Albany, N. Y., July 1, 1873. 
To llfessengers Wheeler, Linn, and Vaden, or A. Van Hoesen, Agent, Oas- · 
tleton, N. Y. : 
You may allow James W. Milner, assistant to United States Com-
missioner at Castleton, to ride with his fish, when sent by express, if he 
desires. 
Yours, respectfully, 
H. W. DWIGHT. 
OFFIOE OF UNITED ST.A.TES EXPRESS COMPANY, 
Buffalo, N. Y., June 26, 1873. 
Mr. James W. Milner, agent of the United States Fish Commission-
ers, is privileged to carry his cans of live fish in the cars of the United 
States Express Company, when there is space unoccupied, for on'e trip 
between Buffalo and Omaha, and he is also permitted to examine the 
same from time to time, as rnay be necessary. 
If charges are unpaid, messengers will indorse hereon the number of 
cans and the gross weight of the same and return this to this office. 
· Yours, respectfully, 
HENRY KIP, 
General Superintendent. 
By request of Spencer F. Baird, United States Fish Commission~r. 
PENNSYLVANIA RAILROAD COMPANY, 
OFFICE OF THE GENERAL MAN.AGER, 
Philadelphia, Pa., June 4, 1873. 
DEAR SIR : By direction of Colonel Scott, I have the pleasure to in .. 
close ~n order to agents of this company, asking them to give your 
agents every assistance in their power, and directing bagg·age-masters 
to permit your agents to ride in the cars with the tanks, for the purpose 
of changing the water, &c. · 
Yours, truly, 
Prof. SPENCER F. BAIRD, 
A. J. CASSATT, 
General JJfanager. 
United States 001nniissioner of Fish and Fisheries, Washington, D. O. 
PENNSYLVANIA RAILROAD COMPANY, 
OFFICE OF THE GENERAL MANAGER, 
Philadelphia, Pa., June 4, 1873. 
Agents of the Pennsylvania Railroad Company are requested to give 
to the agents of the United States Commission on Fish and Fisheries 
every assistance they can, without interfering with their regular duties. 
S. Mis. 7 4-48 
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Baggage-masters will ~How ag-e~ts of the Com_m~ssion, when pr?vided 
with tickets to ride in the baggage-cars, when It IS necessary for them 
to do so, to ~ttend to the tank; which they_ may have in charge. 
This order is good until December 31, 1873. 
A. J. CASSATT, 
General lllanager. 
PENNSYLVANIA RAILROAD <JOMPANY, 
OFFICE OF THE GENERAL MANAGER, 
PhUadelphia, Pa., January 5, 1874. 
Agents of the Pennsylvania. Railroad Company are requested to give 
to the agents of the United States Commission on Fish and Fisherie.s 
~very assistance they can, without interfering with their regular duties. 
Baggage-masters will allow agents of the Commission, when provided 
with tickets, to ride in the baggage-cars, when it is necessary for them 
to do so, to attend to the tanks which they have in charge. The tanks 
will be carried free of charge until July 1, 187 4. 
THE NEW YORK CENTRAL AND 
A,. J. CASSATT, 
General Manager. 
HUDSON RIVER RAILROAD COMPANY, 
PRESil>ENT'S OFFICE, GRAND CENTRAL DEPOT, 
New York, June 13, 1873. 
DEAR SIR: Yours of the 9th instant, stating that you propose to 
renew the experiment, inaugurated by Mr. Seth Green, of transporting 
fi 1es to California aliv~ for purpose of propagation, and asking if 
•· can curry them in cans on our express-train baggage;cars, is received. 
will car,y them, as you· suggest, in our baggage-cars, charging 
I l the regular tariff-rates charged on all extra baggage carried in 
.i , and allow the party a('companying them access to the bag-
car for the purpose of aerating or changing the water to preserve 
life, said party to pay the regular passage-fare. 
I inclose our tariff' of extra•baggage rates from New York to all prin-
·i ,11 ) points west. If you desire to have the fish-cans checked through 
to points west of the terminus of this road, that is, beyond Buffalo or 
Suspension Bridge, the freight must be prepaid as far as chooked, but 
if not checked yon can pay freight only to either Buffalo or Suspension 
Bridge, and from there to terminus of the next road, and so on to des-
tination. 
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Should you conclude to accept of this offer, please give me due notice, 
and also state from what point or points you propose to ship, that the 
necessary orders may be given to our agents. 
Very truly, 
. W. H. VANDERBILT, 
• Vice-P.resident. 
SPENCER F. BAIRD, 
Commissioner of P.ish and Fisheries, Washington, D. 0. 
THE NEW YORK CENTRAL AND 
HUDSON RIVER RAILROAD COMPANY, 
PRESIDENT'S OFFICE; G~AND CENTRAL DEPOT, 
New York, Jime 16, 1873. 
DEAR SIR: The vice-president has made an arrangement with Mr. 
Spencer F. Baird, of United States Fish and _Fishery Oommissi<;>n at 
Washington, to transport live fish in cans in the baggage-ca~·s of this 
company from Castleton and Albany to points west, charging theref9r· 
the regular extra-baggage tariff-rates. The party who accompanies the 
fish, for the purpose of changing the water, is to be allowed access to the 
baggage-cars, but to pay the regular fare ... Our superintendents have·· 
been notified of this, and will issue the necessary orders to conductors_, 
and our Mr. Kendrick, the general passenger agent,· will instruct the 
agents at Castleton and Albany as to the charges for transportation. 
I notify you of the arrangements made by request of Mr. Baird. 
Very truly, .. 
Mr. JAS. w. MILNER, 
Castleton, N. Y. 
THE NEW.YORK OEN'.l'R.AL AND 
J. P. CHAMBERS, 
Private Secretary.· 
HUDSON RIVER RAILROAD COMP.ANY, . 
PRESIDENT~S OF]'ICE, GR.A.ND UENl'RAL DEPOT, 
\ 
New-York, June 16, 1873. , 
DEAR SIR: Yours of 14th received, and the necessary directions ha1le 
been given to our superintendents as to granting permission to party . 
accompanying fish to enter baggage-cars for the purpose of changing the 
water, and to our general passenger agent to notify the agents at ·cas- · 
tleton and Albany as to the charges to b~ macle for their transportation. 
Have also written Mr. Milner, informing him of our action.~ 
Very truly, 
SPENCER F. BAIRD, Esq., 
Washington, D. 0. 
W. H. V ANDERBIL~, 
Vice-President. 
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OFFICE CENTRAL PACIFIC RAILROAD, 
No. 9 Nassau Street, New York, Jitne 16, 1873. 
DEAR SIR: In acknowledging the receipt of your favor of the 12th 
instant, I would say that the authority of Mr. Town~ extends over the 
Central Pacific Railroad and all its branches, and an order from him will 
be available from Ogden, Utah, west. For such facilities as you may need 
on the Union Pacific Road you will have to apply to the superintendent 
of tbatroad. Your previous letter, under date of the 9th instant, was for-
warded to Mr. Towne on the 11th instant, and you will, I have no doubt, 
in answer thereto, receive such facilities as you may need. If that will 
not be in time, I will telegraph Mr. Towne and get such an order as yo11 
speak of, which, as I understand, co,.,.ers the transportation of the cans 
containing the fish in the baggage-car on express trains, and allowing 
your agent access to the car to give the fish necessary attention. 
Truly yours, 
J.E. GATES. 
Hon. SPENCER F. BAIRD, 
Un-ited States Commissioner of Fish and Fisheries, 
Washington, D. 0. 
CENTRAL PACIFIC RAILROAD, 
General Superintendent's Office, Sacramento, Oal., June 19, 1873. 
DEAR SIR: Your letter to the president Oentral Pacific Railroad, 
N cw York, has been referred to this office. We will be prepared to move 
the fish, referred to as coming to California, in the baggage-car of our 
express-train at any and all times. If the transportation of the fish is 
to be attended to by Mr. Livingston Stone, he perfectly understands 
the mode of proceeding. If any other person, and you will give me the 
name, I will communicate with him, as far as our road is concerned, in 
regard to detai1s. 
Yours, truly, 
SPENCER F. BAmn, Esq., 
JpHN CORNING, 
.Assistant General Superintendent. 
United States Fish Commissioner, W asltington, D. C. 
THE LAKE SHORE AND 
MICHIGAN SOUTHERN RAILWAY COMPANY, 
To Oonductors and Baggage-masters : 
Ole11eland, Ohi-0, June 19, 1873. 
You will please give all aid that is convenient and proper to Mr. 
James W. Milner, Deputy United States Commissioner of Fish and 
Fisheries, permitting his cans of living fish to be carried in the oaggage-
cars, and allowing him or his assistant to have such access to the cans 




XXXlll.-REPORTS OF SPECIAL CONFERENCES WITH THE AMER-
WAN Fl8H-CULTUlUSTS' ASSOCIATION AND STA:fE COMMIS-
SIONERS OF FU,,HERIES. 
A-MEETING AT BOSTON, JUNE 13, 1872. 
At a meeting of fish-commissioners and members of the American 
Fish-Culturists' Association, held at Boston June 14, 1872, the following 
gentlemen were present : 
Prof. S. F. BAIRD, United States Commissioner; Dr.W. \V.FLETCHER, 
New Hampshire; A. A. REED, Rhode Island; NEWTON DEXTER, Rhode 
Islaml; Dr. J. II. SLACK, New Jersey; E. A. BRACKETT, Massachusetts; 
C. A. w ALKER, Massachusetts; B. F. BOWLES, Massachusetts; GE_ORGE 
SHEPARD PAGE, New York; and LIVINGS'l'ON STONE, New Hampshire. 
GEORGE SHEPARD PAGE was chosen chairman. 
On taking the chair, he briefly stated that the meeting was brought 
abont in consequence of a motion b;y Dr. Edmunds, fish-commissioner 
of Vermont, at the late meeting of the American Fish-Cultnrists' Asso-
ciation at Albany, that Congress be memorialized to make an appro-
priation for the purpose of propagating salmon and shad in the rivers 
of the United States. 
Mr. Page said tllat he was honored with the chairmanship of the 
committee for this purpose, and he bad called (l)n the Committee on 
Appropriations: with Professor Baird, Mr. Walker, and Mr. Frye, mem-
ber of Congress from Maine, to urge the requisite appropriation. 
The committee of the House voted to grant au appropriation of 
$10,000, which was stricken out when the bill came up for consideration 
in the IIonse; but in the Senate the item was restored, and increased to 
$15,000, thus giving this amount for the desired purpose; and Professor 
Bainl, as United States Commissioner of Fish and Fisheries, was placed 
in charge of the disuursement of the sum. It was thought proper by 
him, 011 consultation with others, to have a meeting called at once of at 
lea.st 0110 representative from each State interested; and of the number 
invite(l, uine gentlemen were present on a, very brief notice, while from 
others letters were received expressing regret at their inabi1ity, on so 
short a Hnmmons, to participate in the deliberations of the meeting. 
A letter was read from W. Clift, one of the commissioners of Con-
necticut, gi,·ing his views of the importance of stocking the tribu-
taries of the Mississippi with shad, and of expending the greater part 
of the appropriation in propagating the nobler fish. 
Professor BAIRD spoke of the sul~ject that it was proposed to discuss as 
one of great interest and one in which the country is vitally concerned~ 
\ 
\ 
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When the proposition of the Fish-Cnlturists' Association was prese11 ted 
to Congress, it met with great favor. He found scarcely any one who 
objectell to it at all. All with whom be bad -conYersed agreed that it 
was important, and realized that State aid could not accomplish the 
object, and tha,t the General Go,ernment must come in to assist; espe-
ciallv as the waters to. be stocked be1ouged to rnauy States, and it was 
not the interest of one State to provide fish for the others, inasmuch as 
. what one State might sow the others might reap. 
When this measure was first brought up in the House of Representa-
tives, it was objected. to because it was not in accordance with any pre-
existing law, it beiug insisted tlrnt nothiug shall beinser.ted in the regular 
appropriatio11-bills uot intended to carry out some previous law, and a 
single objection can kill any such item. The matter, however, was only 
laid aside telllporarily, and by present~ng it to some Senators, especially 
Senator E(lmumls, of Vermoqt, it was brought forward again, and he is 
ve.liaps entitled to the credit of having it put into the Senate bill, and 
a s~m of $15,000 instead of $10,000 appropriated. 
The idea, of having shad introduced· into the waters of the Mississippi 
Ui \'('r was Rpecia lly fa Yored by the ~nem hers from the valley of the Missis-
Ri ppi, from Alabama and other Southern States. They all felt the ne-
cpssity of i11cn~asi11g the nnmber of ·fish, and. wished every effort used to 
• a<l1l to their supplies from this source; and tlte shad question was one 
whid1 i--r(•mccl practicable, because partial experiments in the Mississippi 
\'allPy haYe been mauc with great success. Two rhTers in Alabama, one 
the Alabama, ancl the other the Escambia, have been stocked by, pri-
vate e11tPrpris(', a111l they arP uowcatcliing the sbacl there. The fish were 
tak('ll from the Alabama River some .years ago; ancl from the Escambia 
so man,r ha Ye been taken <luring the past season a1-, to haYe become quite 
au art icl1• of tratlic. On this acco1rnt, in part, the mem bcrs of Congress 
from tlw HouthPrn States were vny much interested; and should even 
a partial success atteud the present effort, itis likdy hereafter to receive 
a stro11g support. 
Ot' co11rs<', all thonght that the most important fishes that can now be 
i11 t rml111·1•1l i11tothc watt•rs Wl'I'C tlw sha<l all(l the sal111011. The question in 
n•ganl to thP :-;:11111011 is how and whe11 the expl~riment can best, be tried. 
J f i111prPg11atPd salmo11-<'ggs art\ lwst for the pnrpose, where shall these 
hi' ohtai,!Pd ! ('an we gPt plenty of them in our ow11 waters from the 
,n•st ('oast, or Hhall we go to EnropP 1 In regard to the western salmon, 
tlH'n· an· SPYeral difiieultiPs iu the way. fo the first place, there are 
:--ix, 1·igltt, or tP11 so-callt·1l spc~cies, probably :-;ix well-<ld111ed kinds. 
Orw s1•rio11s ol~jt•c·tion has !wen rrnHlc to th<> sal111011 of the west coast; 
a11d that is, th1•y an~ saicl not to tak1• tlw fly in fresh water. If this be 
tnw, shall Wt' i11trn1l11<'n fish that will not g-iYc sport to the angler 7 
X(1 ,·1•rth1·lt·.--s, it haH latPl,Y hef'n ascertained that they will take t1.te•fly 
outsid1· of the moutlis of the rin•rs. The Uolu111uia HiYer salmon will 
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bite in Shoal Water Bay, affording rare i,;port, although it is only a 
few yearn siuee tliis faet was ascertained. Ile dill- not remember to 
liave ~<.'<'11 any autheutie statement of a salmou luwing been takeu with. 
the fly on the west coast. They cau be caught iu other ways; lJn t 
whether they can he i}ldueed to rise at a fly iu the eai,;teru waters is 
perhaps questionable. 
Again, according to the pnblishecl accounts, many of these species are 
worthless; they are soft, whitc-meated, and not much better than cat-_fish 
or sueket·s. Tlieu, there is this fact, that one kiud rnus up in the spring 
aud auother in the fall; so that there arc salmon· almost 'all the time 
in the Columbia aud in tlie Frazer; and there are sai\1 to be cert,aiu 
kinds that always die after spawning. The Indians say they all die; 
and the shores of the rivers are lined with dead fish,.fnrnishing food 
for bears, hawks, &c. Probably, however, the white-meated fall-salmon 
or clog-salmon are in reality only the exhausted fish of the spring-run 
in the kelt condition, corresponding to what is known to ·occur in t.he 
European salmon. In this event, the number of species will be reduced. 
If it be unadvisable to take these salmon from the West, is it worth· 
while to encourage the idea of depending upon the Canadian govern-
ment; or is it best to supplement onr own stock by sending _to Ger-
many, Sweden, Norway, and Denmark, especially :Norway aru} Germany 1 
He invited any of tltc gentlemen present to give tlteir views or makE.i 
any suggestion:-; on this subject. 
Dr. SLACK heartily inclon,ed ti.le suggestions of Professor Baird, be-
lieving that the General Government shoul<l 'co-opera,te with the States." 
Rivers were frequently the boundaries of the States, and. the only hope 
of securing tlie propagation of fish in such cases was iu the ~ction of the 
United States. The people of :Xew Jersey were anxious to stock the 
Delaware, but Pennsylvania could not agree, ~111d thus nothing was done. 
Mr. BRACKETT spoke of Mr. Atkins's experiments with' reference to 
stocking the rivers of Maiue with salmon, antl his plan of purchasing 
them from tlte pounds and keeping them in ponds until the spawn is 
mature, arnl thus obtaining a stock of spawn for snpplying the rivers. 
l\fr. Atkins had not been successful in his tirstattempt; buthaviugcha,ngeu 
his plans somewhat, he uow anticipated good re~mlts, au<l the method 
was now eom,idered entirely feasible. Ilis station is at Bucksport, Me., 
awl he thinks he can furnish salmon for$•! a thousand, lJeing fnrnishcd 
himself with the breeding salmon from weirs at the mouth of the Pen-
obscot Hi\Ter. 
Professor BAIRD iuqnired what should be done with the salri10n-span-n, 
supposing it to be obtainable from the Peuobseot. 
Mr. Bn.ACK1•~1'1' thought it should be distrilJnted among certain States, 
where salmon cau be grown, according to population. 
Professor BAIRD. \Vill it be desirable to add from the funds provided 
hy the General Government to the State funds in the hands of State com• 
mi:ssiouers; or have the,y all the money tliey want 1? 
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Mr. BRACKETT said that if we bad a thousand times as much as we 
now baYe, it would not be too much. Putting a few eggs in a stream 
amounts to nothing; they ought to be put in by millions. 
Professor BAIR~. What States have provision for receiving this spawn 
and batching it out ¥ 
Mr. BRACKETT mentioned Massachusetts, Maine, and New Hamp-
shire as prepared to receive the eggs. 
Mr. F~ETOHER said his State .could dispose of 100,000. 
Mr. BRACKETT said that Dr. Fletcher was to place about 15,000 sal-
mon-eggs in the headwaters of the Merrimack. · He thought that seven 
or eight thousand had been placed there previously. Three small rivers 
in Massachusetts bad received from one to three thousand, and this 
season, for the ·first time, the market has been teeming with salmon, 
weighing from two to three pounds, caught in weirs in Massachusetts 
Bay. Iu the town of Plymouth, the fishermen who sell fish from house 
to house carry around these small salmon. It is reasonable to suppose 
that these fish are the result of what has been done in stocking the 
rivers of New Hampshire and Massachusetts. There ou·gbt to be _some 
law making it a penal o:ft'ense to have these small salmon in one's 
possession. Unless possession of the fish be made a crime, the catching 
of them could not be prevented. None should be sold weighing less 
than four or five pounds. 
Professor BAIRD stated that there was such a law in Nova Scotia. 
Mr. REED said Rhode Island would be prepared very soon to place 
shad in two or three of the streams of that State. They had already 
hatched about 30,000 trout and 10,000 salmon, having obtained the 
spawn in Canada. 
The question was then raised whether the salmon from Mr. Wilmot's 
establishment were the land-locked salmon; and it was concluded that 
1t was of little consequence whether they were or not if they were equally 
good with the sea-salmon. 
Dr. SLACK had had the true salmon and the land-locked, and could not 
tP-11 which was which. 
l\lr. STONE said that the land-locked salmon when a year old has a 
black spot on the dorsal tin, which is not upon the true salmon. 
r. BRACKE1'T said that some land-locked salmon would reach a 
weight of 17 ponnds . 
.. l r. FLETCHER said they woold average 10 pounds. 
:\Ir. BRACKETT had seen one at the head of Sebago River that weighell 
17 pounds~ 
1>rofessor HAIRD inquired as to the propriety of attempting to introduce 
t 1 land-locked salmon into the upper lakes. Ile thought that a good 
<1 •: I should be done in the way of experiments in the western waters, 
h · ll i issippi Valley, and the lake-regions, to stock them with shad 
or , lmon. 
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Dr. SLACK thought that the petroleum discharged into the Ohio River 
had killed oft' the fish. • 
Mr. BR.A.CKE1.1T thought the Sebago salmon sliould be introduced into 
the upper lakes. 
Mr. STONE understood that some of the salmon from Mr. Wilmot's 
establishment had been introduced into Lake Superior, in order to test 
the question whether they were land-locked aml coultl subsist there. 
They have been there already two or three years. 
Professor BAIRD said that Mr. Whitcher informed him that be bad put 
some into Lake Huron. The small crustaceans of the genus Mysis, 
which is the principal food of the salmon on the coast of Great Britain 
and of Norway, are equally abundant in the deep waters of the great 
lakes. Mr. Milner bad found this 1Jtlysis in water over 25 fathoms in 
depth. It is impossible to separate this shrimp-species from that of 
Labrador. The same thing was found in 'the stomachs of the lake white-
fish. It is quite a common theory that the red. color of the Salmo·nidre 
is due to their feeding on small shrimps and other crustaceans . 
.Mr. BR.A.CKET'r said he had been informed that when tbey built the 
dam across the stream near Lako Sebago, they prevented the salmon 
from going down the lake; and in the course of time they l>red very freely 
below, and are still taken clear down to tide-water; but that the flesh is 
of a clay-color or white, while all those in the lake itself are almost as 
dark-red as the sea-salmon. 
Dr. SLACK said that the large trout which he had raised from the egg 
had white flesh, although those from which they came were red. 
Similar results were stated by other gentlemen; and Dr. Slack said that 
although he stocked his ponds with red-fleshed trout, in a year or two 
the tlesh became white. This is probably due to the absence of i,hrimps. 
Professor BAIRD inquired whether those present would advise him to 
en:ipower Mr. Atkins to obtain as many salmon-eggs as possible; and 
it was agreed to as desirable. 
Dr. SL.A.CK said New Jrrsey would take a portion of them. 
Professor BAIRD expr~ssed doubts as to the practicability of intro-
ducing the Penobscot salmon successfully south and west of the Hud-
son. He thought they would not g·et the proper temperature in the open 
rivers. It had been a theory that salmon were abundant in the Hud• 
son; but he had seen a positive statement that they we1·e never taken 
west of the Connecticut. The idea that salmon were in the Hudson 
River is based on the statement of Hendrick Hudson; and from the 
season of the year in which he professed to have seen them, and from 
the locality, there is not the slightest doubt that they were weak-fish. 
The oldest records of our own writers say nothing r1ibout salmon west of 
the Connecticut River. But Williams and Douglass, who both wrote a 
hnndred years ago, state that in the Connecticut River the_v were very, 
abundant, but none were to be found west of it. There is no doubt 
that they occurred in the Connecticut., 
7 62 REPORT OF COMMISSIONER OF FISH AND PISHERIES. 
Mr. STo~ stated that 3,000 salmon had been placed in the Connecti• 
cut recently, and some have been seen as the result. 
Mr. SLA.flK iuqnired whether, as this is an object of national interest, it 
would not be well to purchase Seth Green's patent, which no doubt 
interfered much with fish-culture. He thought it would be a good way 
to expend a part of the money. 
Professor BAIRD responded that that would have to be done, if at all, 
by direct action of Congress. 
Mr. STONE thought that enough salmon-eggs could not be obtained from 
the State of Maine, and that it would be absolutely necessary to resort 
to the Pacific coast, where they can be gathered in any desired quantit,y. 
It was true there were many varieties, and some of them were worth-
less. There are one or two varieties, however, t,hat are of good quality. 
Professor BAIRD. The Quinnat salmon is said to be the best. 
Mr. STONE. Some persons living on the Pacific coast consider them. 
the best in the world. If the whole appropriation of $15,000 were ex-
pended in purchasing all the salmon to be obtained from the State 0£ 
Maine, there would not be anything near enough. We should have to 
go to the Pacific coast and put up large establishments, and then we 
could supply the rivers of the East with tens of millions. It would cost 
no more to get 10,000,000 eggs on the· Paci tic coast than to get 100,00Q 
at the East. The question of stocking the large rivers is to be one of 
numbers. It cannot be done by putting a few thousand eggs in the 
rivers here ancl there, but we must put in millions of them ; and there 
is no way of getting eggs by millions except from the Pacific coast. 
Mr. BRA.CKE'rT thought that eitller the Saint Croix or the Sebago 
salmon should be looked after this year. He would prefer the Sebago 
to the Schoodic salmon, as they 'are the largest. 
Mr. J.i'LE'I'CIIER spoke of the number of eggs produced by a single 
salmon. He belie,?ed that there were more than 10,000 from a fish 
weighing ten pounds. 
The quest.ion of stocking the Ohio and other trihutaries of the Mis-
.. ippi with shad wa.1o1 then more specifically considered. 
H,. • ' A.CK Haid that until the 10th of July shad-spawn could be taken 
to 1 he Ohio River. It takes about seventy-four hours to hatch them ; 
and the •· · '' could be carried across from Springfield to the head waters 
of the Ohio in less time than tbat . 
. Ir. BRACKET'!' thought it better to transport spawn than young fl.sh. 
Mr. FLE'l'CIIER said he had carried the eggs from the Connecticut 
Ri to the headwaters of the l\lerrimack, from Holyoke to Meredith, 
, ml hatched them out successfully in the Merrimack. The water can 
'•·du 1•• • l more readily with spawn than with small fish. They may 
t I kept iu a veBsel having a second one outside with ice in it. It will 
not do to put the ice in with the eggs. 
11 •· ·11 • BAIRD spoke of the introduction of the carp, and inquired 
as to the view1:1 of the gentlemen present iu regard to it. 
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Dr. ~LACK spoke of the BnropP:rn carp as a Yery inferior kin·d of fish, 
a11cl 011ly palatable uy the aid of French sauce. He tl10ught the Seuago 
salmon the coming; fish of Amedca, and one that should have most 
attention deYotcd to it. 
l\Ir. ST0~E referred to the British char as a fish to be recomrneuded. 
Professor BAmD asked the opinion of gentlemen as to the stcrlet. 
1\fr. PAGE had eaten the stcrlct in Saint Peters burg, and considered 
it a delicious fish. He thought it tlle most valual)le fisll that could l)e 
imported from Bnrope. It is a hanly fish, and could be brought as 
young fry in n. tank. They could probably be obtaine<l from Berlin. 
l\lr. STONE called attention to the pike-perch as a fish also worthy of 
consideration. 
Profr,ssor BAIRD spoke of the white-fish as one of the most important 
species i11 Lakes l\lichigan and Erie, but <limiuishing rapidly from many 
caus<•s. It livPs in the depths of the lakes, and formerly ran into many of 
the rin•1·s i11 Oetol>er and November to spawn, then returning. Ent the 
river-ways have l)(~en ol)strncted so much that they cannot go u_p 
excepting in the Saint Clair, Saint Mary's, the Nepeegon, the .Micui-
JJicotm1, and one or two other rivers, aud therefore tlley slJoot their 
spawn anywhere, and that has much to do with the <lecrease of 
tbc fiHh. rr1.w quPstion has been agitated of estal>lishirig batchiug--
hou~es on the lake:,-,, and producing tllem there in very large 1111mbers, 
all(l then discharging them into the lakes, and let them furnish the 
stock for futurn growth. It is now too late to preserve their spawning-
l>eds; hut millions of them can be batched out in different localities, and 
set adrift, which will keep up tbc supply. He was not sure but the best 
polic.Y \\'HS to continue breeding them in that way year after year, in as 
large numbers as possible. If the waters are thus supplied with young 
fiKh, the ordiuary 111ea.11s of capt.ure will not destroy tlJem. Tllat is the 
trne way iu which the General Government can act to the l)est advan-
tage by fnmishing the eggs in large quantities and turning them loose 
into the waters; a moderate outlay will un<lonbtedly supply a great 
amount of food to the nation. 
':I.1he snl~ject of hybri<ls of the Salmonirlcc was tllen briefly discussed. 
Dr. SLACK had seen a byl>ri<l between a white-fish and. salmon-trout. 
It was a bad thing to teach tront to eat young fish; for after a short 
time they do uot diserimina,te species. 
1\Ir. BRACKE.'l''l' Haid. the Sebago salmon do not eat fisb. He did not 
know what they fed upon; l)ut he had taugut them to eatcur<lled milk. 
Mr. STONE thong-ht tlley would learn very readily to eat each other. 
Dr. SLACK said tlrnt in fee(li11g tront he would give a, great deal of 
food at a time, as otherwi~e the smaller .ti.sh woul<l not get their share. 
Tue meeting then adjo11rne<l . 
.13-:\IEETLNU IN NEW YORK, OOTOBElt 19, 1872. 
Profr,sHor BArn.D snid he had invited those present to attend this 
meeti11g, iu order tha,t he might communicate sometlling as to what he 
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bad done, as United States Commissioner of Fish ·and Fisheries, in the 
disposition of the appropriation by the Government, and tb.e introduc-
tion of useful food-fishes into rivers and lakes of the United States. 
He referred to the action of the meeting of the Fish-Uultnrists' Associ-
ation at Albany in February last, and the appointment by it of a com-
mittee to visit Washington and memorialize Congress, of which Mr. 
George Shepard Page was.chairman. The efforts made by Mr. Page 
were stated, resulting ultimately in the final passage of an appropria-
tion of $15,000 for the contemplated work. 
Retereace was made to the late date at which the bill was passed, and 
the necessity of calling a meeting of fish-commissioners and fish-cultur-
ists for advice as to the best manner of applying the appropriation. A 
meeting was held for this purpose on the 13th of June in Boston, and 
some conclusions were arrirnd at, more particularly with reference to 
the introduction of shad into certain streams at once, as the season had 
nearly closed when it would be possible to do this. 
The arrangements made with Messrs. Green and Clift, and the results 
of their work, were stated, namely, the placing of several thousand young 
sha<l in the Allegany at Salamanca, and in the Mississippi at Saint 
Paul, anfl in Lake Champlain, by Mr. Green; and a much larger num-
ber at Salamanca, in the White River at Indianapolis, and in the Platte 
at Denver, by Mr. Clift. 
The queKtion whether shad coulcl be successfully planted in the more 
southern ancl western rivers was alluded to, and the opinion expressed 
that all the rivers emptying foto tbe Atlantic could be thus stocked 
s to the Mississippi and its tributaries, experiment alone could decide 
its susceptibility to sustain shad; though there was no reason why this 
might not be the case, while the fact that shad are now, and have been 
for many years, taken in the Ouachita River, goes to show that the 
experiment of stocking other tributaries of the Mississippi would be 
likely to succeed. If' shad can ascend to the vicinity of Hot Springs, 
- · ·. a they do, there is no good reason why they may not go higher. 
Dr. ( ~ 1 •LDSMI'rH, of Vermont, said he had taken shad at the falls of the 
Ohio ' i\•er several years since. 
I 11 • • r r BAIRD concluded that, as far as the question with reference 
to the had is concerned, there is e,rery reason to look with hope to the 
future. 1'he next most important fish to be considered was the salmon. 
These formerly abounded in the rivers of the New Englau<l States, 
bot ne \ ·r occurred spontaneously west of the Connecticut River, or 
at l • ' of the Housatonic. The fish referrAd to by Hendrick Hudson, 
which \\ 1 • caught in September in large numbers in the vici!lity of New 
"ork, and described by him as the salmon, was undonbtec.Uy the sque-
t : • , , • or weak-fl.8h, ( Oynoscion caroline1l.Sis.) 
Salmon were formerly plenty in Lake Champlain and in Lake Ontario, 
1 \ I t I I ·1 the Ontario salmon went to the ocean and returned again 
I · not · · determined. There is little doubt that every river in the 
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U11ite(l States, b:wing sni talJle physical conditions, can he stocked with 
salmon. The true salmon (Salmosalar) is adapted to the waters thronghont 
N<~w England and i,ossibly to the lakes. Tllere are salmon in the Pacific 
waters which differ from the eastern specie:--, and which make their way 
through water of a far higller temperature than that of most of the 
streams on the Atlantic coast. The Sacramento Ri,Ter during the.past 
summer was exposed. to a heat of from l 00 to 115 degrees in the shade, 
antl the upper part of the valley is perhaps one of the hottest places in 
the United States. But still salmon abound in that river, and it is 
believed. that fish taken from that locality will have an equal ... power of 
resisting heat on this side of the Rocky Monntains. 
Tile recommendation of the meeting a,t Boston was first 3,ttended to, 
of co-operating with tbe commissioners of the States who were disposed 
to supply Mr. Atkins with the funtls ne-oessary to carry on his experi-
ment on the largest possible scale. He had already begun his work, 
and a general plan of operations was arranged., by which he was author-
ized to purchase as many salmon as were offered to him in good, healthy 
condition. 'rhese he obtained. from the fishermen of the Penobscot, and 
placed them in a pond embracing 150 acres, within a central inclosure 
of about 5 acres, to be kept till the period. of spawning. With the funds 
thus snpplietl him by the United States Commissioner and the State com-
missioners, he procured six hundred salmon, varying in weight from 5 to 
2G pounds, of which number nearly a.Il survive, and the prospect of a 
large number of eggs from this source was very encouraging. These, 
at the proper time, were to be distributed among the parties contributing 
to the expense of procuring them. 
As this supply was not likely to be as great as was desired, applica-
tion was rna,de to the Deutsche Fischerei- Verein in Germany, and through 
their instrumentality the German government had been induced to 
offer to the United States a quarter of a million eggs of the Rhine salmon 
from the national establishment at Hiiuingen. Besides this number, 
half a million had been engaged from the establishment of Mr. Schuster -
in Freiburg. It was expected that both these lots would be placed in 
charge of Mr. Rudolph Hessel, an experienced fish-culturist, for transfer 
to the place of shipment, and that possibly he would accompany them 
to America. These were expected some time in January, and if pos-
sible another quarter of a million would be procured from the same 
source. 
In accordance with the suggestion of the meeting at Boston, Mr. Liv-
ingston Stone had been sent to California, and had established himself 
on a branch of the Sacramento River, unfortunately, however, too late 
in the season ; yet, from this source several thousand eggs were ex-
pected, which would be placed in the Susquehanna and Delaware. 
The report of operations by Mr. Stone, as forwarded to the United 
State8 Commissioner, was then read. 
The Commissioner then called upon the gentlemen present for any sug- _ 
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geHtions as to the best localities for tbe introduction of the <liffert>nt 
kinds of salmon expected, an<l also as to the expediency of procuring-
certain other kinds of fish, either from abroad or onr ow·n waters, for· 
introduction into streams where they <lo not now occur. He also asked 
as to the number and kinds of eggs of salmon expected to be aYaila-
ble that the different gentlemen present would recch·e alHl provide for 
batching and distributing them into appropriate streams. 
Dr. EmrnNDS, of Vermont, said he had made inquiries in regard to 
the waters emptying into Lakes Champlain anu Ontario, and found that 
salmon were formerly plenty in them. Some of the people in the vicin-
ity of these waters make a distinction between tbe salmon of the lake and 
what they call the Bay Uhaleur salmon, which were found in all the rivers 
up to the Oswego, but in what resprnt these differed from each 
other he conld not learn. Salmon have been gone from Lake Uhamplain 
since 18~-t-, when~, at one time, they were exceedingly abn11dant. Since 
dams ham lwcn built, they have gradually disappeared, an<l people 
think the dams a11<l sawdm,t killed them. The sawdust umloubte<lly 
acts injuriously hy covering the spawning-beds. 
l\Ir. l',ETII Ui::,:mrn said that salmon used to occnpy the streams emp-
tying into l,akc Ontario, except the Genesee, clear to Niagara,, on both 
si<les. A good many still run up to the head of Lake Ontario, aml up 
'\Vil mot's ( 'ret>k, which is only ten or twelve miles long. Ilo <lid not 
rcg-ar«l t h<·se as land-locked salmon, though they may uever go down the 
Saint I,awrc•11cP; they may find the requisite food in Lake Ontario. Ile 
I.Jop<'d that Hhad wonl<l also find appropriate foocl in the lakes, as lie ha.d 
plaCl'«l so11w in the Genesee Uirnr in 1871, and he ha<l Reen s01uc this 
snm1t1PI'·IJ :11111,"i inchPs long, and some had been caught in Lake Ontario 
that would W<'ig·h a quarter of a pound, au<l were O\"Cr 8 inehe1; long. 
Halt11011 pla<·<'«l iu the rirnrsof .New York will grow anu go to sea and 
com<\ h:u-k as for as the Ii rst <lam if not taken by pouwl-nets, but as 
long as po11111l a11d trap nPts are allowed we can 1H•vcr restock onr rivers 
Thr sal 111011 is strietly a shore-fish, ne\·cr being canght far from the shore; 
a po11111l-11d will cateh C\'<•ry lish that follows along the coast. 
'l'h<· l),•bt,,·an• wonl,l he a goo<l river for salmon ii' it were not for the 
1w11111b. 'l'hPn• are trout i11 the headwaters of that river; arnl any 
rin•rs that ha,·e trout in their headwat<>rs will be suitable for salmon. 
On!r-fi--i1i11g- is thP cause of the scarcity of salmon arnl other fh;h in this 
co1111try. '1'111·y 11111st all be hatched and kept up artificially, in order to 
han• a s11pply in the future. 
C11til WP h:1,·<· bl'lrN fish-way8 than ham hitherto been ma<le, we 
c,u1111>t lian• s:11111011. They should he distributed when hatd1e<l iuto 
Rmall stn·a·:1.-_, so that th<'.V will ha\·c plenty of' food. Yon will uever 
han• s,tl111011 till po11rnls arc abolishe<l. 
:\Ir. HILU'KETT. TIH· salmon I.Jave been kille<l ont of the waters of ::\Ias-
sach11sl't h r,,r tlH· last twenty-eight yearH. The ::\Iassachnsett::i commis-
siom.•r:j :-,u<·t.:ee<it-<l iu getting a few thousau<l, and <li:,tribnti11g them in 
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thr h(•rulwnt<>rs of c(•rtain streams. This was three years ago, and this 
J·t•ar, for tht> iir1-,t time, the market i11 Bo~tou has had a, great many sal-
rnu11, ,n.·ig-Jii11g- frolll two to three pouuds, taken iu gill-nets set for mack-
erel. .Almoi-;t eYPl',Y man in the fo,b -market iu this city has bad salmon, 
weiglti11g- from one to three pourn1s, brought from the east, an<l nnques-
tiouauly the fish whieh the l\Iassaclmsetts commissioners placed in the 
rh·ers ~f that State. The 011ly way to prevent the taking of these small 
salmo11 would be to pass a law, makiug it a penal offe11se to have any 
such fo,h weighi11 g less than five pouuds for sale or in oue's possession. 
l\lr. 'l'HADDEUi::i N omns said he was au olu salmon-fisher, and bad 
gi\·en the subject of fh;h -propagation cousiderable attention,- aud had 
Iear1H·d a good tleal about the habits and iustiucts of salmon. The sal-
mo11 that )Ir. vVilmot, of Ca11ada, procures is a fresh-water fish. The 
fish of the lakes ha ,·e lost their sea-going irn,tiuct. Lake Outario is their 
,riuteri11g-plaec; arnl they live there all the year when not going up the 
strea111s to spaw11; this <lone, they go back into the lake. 'rlie Sebago 
salmo11, he thonglit, was once a fish ti.mt went to the sea regularly; and 
tliat they arc the same as the regular sea-goiug salmon. 
Hr. ED::\ILTND8 sai<l he saw salmon in Montreal that had herring in 
them. This lw thought au evidence tl.Jat they feeu in tbe rivers. 
l\lr. BH,ACKE'l"l' thought the herring were probably taken before the 
snlu1011 entt•red the fresh water. No rnau could say he ha<l ever taken 
sal111on with minuows in its stomach. 
l\lr. Nomns thought the salmon of Lake Ontario were fresh-water 
salmon, for the reason that they had minnows in them. · He had visited 
Saint John many times, aud ha<l been assured by Mr. Venning that 
there were true salmon in Lake Lomon<l, which supplies the water 
for tlic city of Saint John; that they are called white-fish there, 
having deteriorated in size. The fish, having goue up from the sea, had 
l>een retai11ed ther(', and now coulu not get back. Mr. Norris himself 
belie,·ed them to be true salmou, aud lrnd seen them there not more 
than 8 or !) inches loug. 
Mr. HnACKE'L''l' said that the Seb~1go salmon had been known to weigh 
17 pounds. 
l\Ir. Nomus. 'l1hc obstructions were once removed and salmon then 
ran up to Lctke Lomond again. Ile thought there would be no difficulty 
in stocking all the western lakes with salmon if an appropriation were 
make to continue the work now begun. He thought the Sacramento 
salmon should be placed in the northern rivers; he did not know where 
the Rhine salmon should be placed. The· Susquehanna an<l Delaware 
he thought woul<l be suitable for the Sacrau1ento salmon. They can go 
fifty milcR above tide-water in the Susquehanna, even up into the State 
of New York. He hopetl New Jersey and Pennsylvania would be remem-
bered in the <listrilrntion of the eggs obtaiueu from the Sacramento. 
And he would be glad to try in those St~1tes the Rhine and the Penob-
scot salmon. rrhey had facilities for hatching them. in trilJutaries of the 
Susquclmuna near llarrisburgh. 
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To show how simple a matter it is to stock a river with salmon, be. 
related the experience of himself and others i1?, placing 12,000 _young 
fish in the 'Delaware last year. He obtained the eggs of Mr. Wilmot, 
and they were kept until the yelk:-sac. was ab~orbed,.anrl. then turned 
into the small streams, where they were able to take care of themselves. 
There was very little trouble in the opPration, and no care of feeding 
them was required. There are now 13,000 salmon in the Delaware. 
Mr. SETH GREEN related his practical experience as a fisherman and 
dealer in fish for many years on Lake Ontario. In the course of his opera-
tions. he had dressed tons of sa,).mon, and never saw anything in them 
that ~~aliy amounted to a.nything. They were taken in a trap-net in 
the lake; and .the trap-nets killed them all out of LaJrn Ontario in about 
five years. They were set near the shore all along the lake. 
The first' pound-net came from Scotland in about 1836. It was a curi-
ous contrivance, that took a great many salmon. After much effort, he 
got an opportunity to go out to the net, th~ construction of which was 
kept a secret, and assisted in taking out the fish, and after working for 
some weeks in that way he got the idea of the whole thing, and then went 
inoo the business himself. After .five years, only a few salmon were left, 
and these came into 'Wilmot Creek, and another creek at Grafton. 
Mr. REED. Are you satisfied that the Sacramento salmon will rise to 
the :fly! 
Mr. GREEN. Yes,. I know they will; when the right man goes with 
the right kind of tools, he will get them fast enough. 
In answer to Mr. HOWELL, who inquired if salmon, in passing up the 
Delaware woultl be likely to pass along the shores or in the chauuel, 
as the question woul<l have an important bearingon the Delaware River 
fteheries, there being nets placed near the shore for a. long distance, Mr. 
Green said he thought they would keep the center of the stream. When. 
be spoke of salmon being a shore-fish, he meant to be understood as 
saying that the ocean-salmon pass along the shore. 
Mr. NORRIS. In the tidal waters of the Delaware, would they follow 
the ebannel or shore Y 
Mr. GBEEN. Both. 
Mr. PIKE said that having some curiosity to investigate the question 
of the similarity of the salmon from Mr. Wilmot's stream and those of 
the Penobscot, he had three of each sent him last winter. He exam-
ined them carefully, and they were examined by other~, and no one 
(',oold see any difference. There was more real difference between those 
that came from the Penopscot than between them aud the Wilmot 
stream salmon. That was the only way to test the question to bring 
them side by side. ' 
In ~egard to the expense of hatching salmon, he said his apparatus 
cost him only •3, and he hatched out a thousand without the sli O'htest 
clitficulty. He lost about three hundred. The water used came th~ough 
lead-pipe, being that used in the city. 
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Professor BAmD, with reference to the introduction of sea-salmon into 
the lakes, said he bad full confidence that the experiment would be suc-
cessful with the Penobscot salmon. 
It is well known that the food of the salmon, in t,he North .A~lantic, 
consists largely of small shrimps, about half an inch long, belon·ging, 
to a considerable extent, to the genus Mysis, and which .occur in ·great·· 
abundance. Two years ago, some investigations were made in the deep 
waters of Lake Superior and Lake Michigan, in which the ,df~dgQ and 
other improtred apparatus were employed. To the surprise of. the gen- . 
tlemen engaged in this work, this ver"! shrimp was found _at a depth 
below 25 fathoms. It there constitutes, to a great e~tent, the fo(?d of 
the white-fish being yery generally found in its stomach. · 
Tl.te fact that the gastric juice of fishes continues to act aft~r their 
death is one reason why so little i~ found iu the sto·maclls of those 
which feed on minute, soft-bodied animals, if not examined immediately 
after they are caught.· After a few hours,. nothing but a microscopic 
examination will tell what a fish feeds upon. 
The occmrrence of this small crustacean in the larger lakes is th·e 
guarautee that the salmon will thrive there. A.nadromous fish placed in 
a river are led by their instinct to follow the current down to ·some 
large body of water. When they get down from the ~ivers to.the lakes,. 
they fiud this large body of water, and in Lake Superior or othe.r ·large 
lakes they are practically in the ocean. They do not know the road 
through the water$ except by a current, or else, by .a route w~ich _th~.v 
have previously traversed. Their instinct teaches them to go down. the 
river to the sea, ~nd to return; and they caunot get int9. the wrong 
river any more than a man will mistake· his own house . . 
Fishermen at Halifax had told him during the past summer that it ·is· 
yery common for salmon, after they have sp~wned, to go into the lakes 
and spend the w_inter there. They are perfectl.v ravenous, and c·ari be 
taken easily. They go down in the spring to the sea, and back again 
at the proper spawuing-sea.son. 
Many white-fish have precisely the same habit; in certain fresh-w.a,ter 
lakes they run up into the streams_ in summer, and winter in the lakes. 
In Hudson's Bay, the white-fish winter, and are taken there in immense 
numbers. They run up from the bay into the rivers exactly as they do 
in some of the rivers of Lake Superior or Lake Michigan. Therefore, 
there is every reason to believe that the great lakes can be stocked with. 
salmon to any desirable extent. , 
Dr. GOLDSMITH said that during the time when negotiations were 
going on between the British government and our own, he made an · 
effort to secure legislation to permit the passage of fish up the Saint Law-
rence, which is the great artery by which our lakes must be supplied 
with sea-going fish; and the matter being referred to ·the Secretary of 
State, it was brought to the attention of the Canadian authorities, wko · 
assured him (Dr. G.) that it was only necessary for those int.erested in, 
S .. Mis. 7 4-49 · 
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the fisheries of the great northern lakes to state what legislation was 
necessary in order to permit the easy and safe ascent of fl.sh seeking to 
go up the rivers, and it would be done. He, therefore, thought this 
meeting a fit occasion for the formation of some plan, and to confer with 
some persons connected with the Canadian go-vernment, with a view to 
procure such legislation._on the part of the Cana_dian authorities and on 
the part of the States of the· Union which are concerned, as will ·secure 
an easy and safe migration of fishes to the lakes. 
Professor BAIRD said he met Mr. Mitchell, the commissioner of the 
Dominion, last summer, and he said that if existing regulations were not 
sufficient they should be made so. Their own existing regulations are 
very stringent as to time and. other particulars. Mr. Mitchell mani-
fested the utmost cordiality, and offered any aid that he could render in 
the prosecution of the work of the United States Fish Commissioner in the 
Bay of Fundy, even to the extent of tendering the service of a govern-
ment steamer if it was desired. He also gave free permission to take 
fish in any waters of the Domihion, any law to the contrary notwith-
standing. It is as much for the interest of the Dominion as our own 
that the work on the border has been prosecuted ; and salmon are to be 
placed in the Saiqt Croix, which iij the· boundary-line between the 
United States and New Brunswick: 
Mr. GREEN, Pound and trap netting is prohibited on the Dominion 
coast. He said he had great faith in the feasibility of stocking our 
small lakes with salmon-trout, and, at a small cost. He .expected to 
hal'e a great abundance o( salmon·-trout spawn, and would gladly send 
to any of the States whose commissioners wished to try the experiment 
a quantity of the eggs. ' 
Mr. NORRIS. Will salmon-trout do well in the Susquehanna Y 
Mr. GREEN. No, sir; but they will probably grow to a good size in 
trout-streams where the trout have been exterminated. They rise to 
the fiy. All our great lakes and the inland smaller lakes can be stocked 
in three or four years with as many fish as they ever had. But he would 
not recommend the effort until pound-fishing is stopped. 
Professor BAIRD inquired if any one had experimented upon hybirds 
of the Salmonidre. 
llr. GREEN said he had crossed the white-fish with the salmon-trout, 
and the salmon with the salmon-trout, but never raised them. 
Professor BAIRD referred to experiments made in Europe, where it is · 
becoming an important branch of fish-culture to produce hybdds, 
promising the best results. 
The subject of the iptrodaction of new species ·of fish was then con-
sidered, and the opinions of several gentlemen were given as to the 
varieties which D1ight be properly tried, ~ 
Mr. OLIPT deprecated the introduction of the Danube salmon, (Salmo 
hucho.) He thought that salmon could go up the Mississippi to the 
head waters. 
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Professor BAIRD said that question, as far as distance was concerned, 
was settled affirmatively by.the fact that salmon do go up the Yukon 
River and the Frazer. The Yukon is at least 'two thousand ni_iles in 
length, and the ascent must be much more fatiguing to fl.sh than that 
of the Mississippi, on account of rapids and obstructions in the former 
river. In the Yu'kon, the salmon bas to fight his way to the mountains, 
while in the Mississippi there is nothing to hinder bis progress. 
Mr. GREEN further spoke of the necessity of the re~oval of obstruc-
tions from the rivers, so that fish may have a fr~e run to the upper 
waters, and he advocated a close time at least for all pounds and traps. 
Doctor EDMUNDS said the authorities in Vermont had come to the 
conclusion that the only way t,o stock their streams was by• artificial 
propagation, and a law would probably be enacted by which towns 
might stock their rivers with.trout and then charge a royalty for fishing 
1.n them. · 
Mr. NORRIS then spoke of the manner in which Mr. Green- holds his 
patent for a hatching-trough, and thought the Government ought to buy 
the patent and have the right to its use everywhere. He also urged the 
importance of action by the General Government in stocking all such 
streams as are the boundaries of States, and whe:re it is difficult to pro-
cure concurrent legislation on the part·of the States themselves. He 
thought there should be an application for at least $30,oitt0 or $40,000 at 
the next session of Congress for this wotk of fish-propagation. 
Colonel WORRALL thought '.that the ova coming f'rom California 
should all go into one stream, so as to make the experim~nt on as large 
a scale as possible. · 
Mr. GREEN wanted enough fish put into whatever st;eam received 
any to do somebody some good. . . 
Mr. HUDSON also thought the Sacrameu.to salmon should be placed 'in 
a stream west of the Hudson. He would be willing to relinquish any 
claim to them. · ' 
Mr. NORRIS thought some of the Rhine salmon ·should go to Dr~ 
Slack, to be placed in the Delaware or Susquehanna~ 
Professor BAIRD stated that the salmon -of the Rhine prefer a tem-
perature below 60°, and when it rises to 6~0 they retreat to the ·sea and 
wait until by some rise in the river, on account of rain, the temperature is 
diminished. 
Mr. HOWELL inqnired how early salmon would ascend the Delaware. 
Professor BAIRD thought tha_t they would probably go up in .April or 
M~ , 
Dr. GOLDSMITH called attention to a matter which concerned 
more especially thm1e separated from the sea, and with whom fish-cul-. 
ture must relate to fresh- water fishes only, such ·as trout. The q uesiion 
which had been presented to his mind was one which lies at the· econo-
my of fl.sh-culture. How many pounds of fish-food, muscular fiber does . . ' 
1t take at a given temperature of the water to-produo~ ~ pound of trout Y 
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and what with a given cost of food, is the absolute cost of a pound of 
trout the' first, second, and third year of feeding ¥ 
He' said be had made some experiments in this direction himself, and 
be desired to bring the matter to the attention of the meeting, with a 
view to secure some experiments by others living in different parts of 
the country, for the purpose of determining this fact, and thereby set-
tling the question whet,her_ :fish culture is profitable or simply a congenfa\ 
amusement. He therefore moved that the United States Commissioner 
of Fish and -Fisheries be requested to address a letter to such persons 
as are now engaged in the culture of the trout, which shall contain rec-
ommendations from himself, and which shall secure the careful perform-
ance of the necessary experiments, and prescribe the method by which 
the questions shall be determined. 
Tllis motion was agreed to. 
The subject of fish-ways was then considered and discussed, and the 
various forms of those constructed by Coionel Worrall and others were 
briefly explained. 
Dr. HUDSON spoke of' the obstruction at the Holyoke dam, which 
prevents the ascent of shad. . 
Mr. PIKE said no expense was spared in Connecticut to make one of 
the finest fish-ways, but sh.ad had never gone through it. 
Colonel WORRALL said all the p]ans of the New England fish-ways be 
had seen were not more than 4 or 5 feet wide, whereas the narrowest 
part of his own was 20 feet wide. The wider they are the better. 
Mr. PAGE referred to the meeting of the American Fisb-Culturists' 
Association, held in Albany last February, and to his appointment upon a 
committee to enter into correspondence in regard to fish-culture in China 
and Japan. He bad communicated with the State Dep·artment in regard 
to this subject, and had met with a favorable response ; and, singularly 
enough, he bad just received a letter from Japan, which he would read. 
The letter is as follow8 : 
No. 113.] "UNITED ST.A.TES CONSUL.A.TE, 
'' Kanagawa, September 5, 1872. 
''Sm: Referring to your dispatch No. 60, I have the honor to report, 
that from the best information within my reach I glean the following 
facts: 
"In Japan there is no scientific or business method of propagating fish. 
The great abundance of salt-water fish and the fact of but little being used 
which is not previously salted do not seem yet to involve the ·necessity 
of propagation. 
"A few Daimios, chiefly in the south, and also in Kinishin, have trans• 
ferred live fish when young {not two inches long) from river to river, from 
river to pond,.and from pond back to river again. They are transferred in 
small, flat vessels of water, and put into temporary artificial ponds made 
of puddled clay, only a, few inches deep, and covered with netting to 
keep the fish safe from attack of birds. 
, 
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,, The gold-fish are treated in this way, as are also a kind of :fish called 
koi, which resemble somewhat carp, but are rounder. They are fed on 
very small worms, dug out of mud at the bottom of stagnant and slow-
running ditches. At the end of three weeks or so, the pond is made to 
communicate by a channel, either with a larger pond of old standing 
or a river, and the artificial pond is thus emptied of its stock. This is 
done in Hizen and Bingo for ornament of gardens. 
"Salmon abound in the rivers on the western coast of Nipon, north of 
this latitude, as do.also black bass. Yesso and its rivers teem with sal~ 
mon; the fishing for whieh by net on the sea-shore begins about th.e bt 
of September, and ends about the 21th of November. 
'' Fishing for salmon by net is at present going on abGut 85° northeast . ·• 
from this port on the Paciuc coast. 
"I have the honor, sir, to be your obedient ser,ant, 
J, C. O. SHEP ARD, 
'' Oonsu.Z.. 
"Hon. CHARLES HA.LE, 
" Assistant Secretary of State, Washington." 
After the reading of this 1ettei; the meetiug adjourned, 
• 
XXXlV.-BlBLIOGRAPHY OF REPORTS OF FISHERY COMMIS-
SIONS. 
:BY THEODORE GILL 
[The following list, made by Prof. Theodore Gill, of the official reporbJ 
of State .fishery-commissions,. has been carefully prepared, and includes 
all thus far puolished that could be procured.· A list of the commis-
sioners of each year is also-inserted.-SPENCim F. BAIRB,1 
A-NAMES OF COMMISSIONERS. 
ALABAMA. 
1871-'74: Charles S. G. Doster; Ro. Tyler;: D.R. Bundley. 
OALIFORNIA. . 
1870-'71: B. B. Redding; S. R. Throckmorton; J. D. Farwell. 
1872-'7 4: S. R. Throckmorton; B. B. Redding ; J. D. Farwell. 
CONNECTICUT. 
1866-'67: F. W. Russell; Henry C. Robinson. 
1867-'68: H. Woodward; James Rankin; James..&. Bill. 
1869-'70: William M. Hudson; Robert G. Pike; Sam. H. Lord. 
1870-'71: Robert G. Pike; William M. Hudson; James A. Bill. 
1871-'74: William M. Hudson; Robert G. Pike; James A. Bill ... 
IOWA. 
1873-'74: Samuel B. Evans·; B. F. Shaw; C. A .. Haines .. 
MAINE. 
1867-'68: Nathan W. Foster; Charles G. Atkins. 
1868-'71: Charles G. Atkins. 
1871-'74: E. M. Stilwell; Henry 0. Stanley. 
MARYLAND. 
1874: T. B. Ferguson; Philip W. Downs .. 
KASSAOBUSE'.l"l.'S. 
1856-'57: R. A. Chapman; Henry Wheatland, N. E. Atwood. 
1865-'66: Theodore Lyman ; Alf. A. Reed. 
1867-'69: Theodore Lyman; Alfred R. Field. 
1869-'70: Theodore Lyman ; Alfred B. Field ; E. A. Brackett. 
1870-'71: Theodore Lyman; E. A. Brackett. 
1871-'72: Theodore Lyman; E. A. Brackett; Thos. Talbot. 
1872-'73: E. A. Brackett; Thos. Talbot. 
1873-'74: Theodore Lyman; E. A. Brackett; Asa French. 
MIOIDGAN. 
1873: John J. Bagley; George H. Jerome; George Clark. 
187 4: George Clark; A. D. Kellogg; John J. Bagley. 
BIBLIOGRAPHY OF REPORTS. 
MINNE SOT A. 
1874: Ilorac~ Austin; David Day; 0. W. Latham. 
NEW HAMPSHIRE. 
1865-'69: Henry A. Bellows; W. A. Sanborn. 
1869-'72: Thomas E. Hatch; William W. Fletcher. 
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1872-'73: William W. Fletcher; W. A. Sanborn; Thomas E. Hatch. 
1874: Oliver H. Noyes; John S. Wadleigh; A. C. Fifield. 
NEW JERSEY. 
1870-'72: B. P. Howell; J. H. Slack. 
1872-'73: B. P. Howell; J. H. Slack; J. R. Shotwell. 
1874: B. P. Howell; J. R. Shotwell; G. A. Anderson. 
hWY~L . 
1868: Horatio Seymour; Seth Green; Robert B. Roosevelt. . 
1869-'71: Horatio Seymour; George G. Cooper; Robert B. Roose-
velt. 
1872-'74: Horatio Seymour; Edward M. Smith; Robert B. Roosevelt. 
Omo. 
1873-'74: John H. Klippart; John Hussey; E. Sterling. 
PENNSYLVANIA. 
1870-'72: James Worrall. 
1872-'73: H.J. Reeder; Ben. L. Hewit; James Duffy. 
RHODE ISLAND. 
1868-'69: Alfred Reed; Albert S. Gallup; S. S. Foss; C. H. Tomp-
kins; E. D. Pearce. ,. 
1871-'74: John H. Barden; Newton Dexter; Alfred A. Reed, jr. 
VERMONT. 
1865-'69 : Albert D. Hager ; Charles Barrett. 
1867: Albert D. Hager; Charles Barrett. 
1869: Albert D. Hager; Charles Barrett. 
1870-'74: M. C. Edmunds; M. Goldsmith. 
VIRGINIA. 
1871: William B. Ball; Asa Wall. 
W~SOONSIN. 
1873-'74: William Welch; .A.lfred Palmer; P.R. Hoy. 
B-BIBLIOGRAPHY OF REPORTS. 
UNITED ST.ATES. 
Memoranda of inqu~ry I relative to the I food-fishes of tqe United 
States. [Washii1gton: Government Printing-Office. 1872. 8vo, 
5 pp.; without title-page.] 
Questionsrelative I tothe I food-:fishesoftheUnitedStates. [Wash-
ington: Government Printing-Office. 1873. 8vo, 7 pp.; withou 
title-page.] 
Statistics of the menhaden fisheries, etc. [Questions addressed to 
fishermen, etc.-Washington, December 20, 1873.-4to, letter-
form, 2 I.] 
776 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 
[Draught of law for legislative protectjon of fish, by the Commis-
sioner.-t'ol., bill-form, 6 pp.] 
United States Commission of Fish and Fisheries. I - I Part l. I - I 
Report I on the I condition of the sea-fisheries I of the I south 
coast · of New England I in I 1871 and 1872. ·1 By I Spencer F. 
Baird, J Commissioner. l - I With supplementary papers. I - I 
Washington: I Government Printing-Office. I 1873. I [8vo, xlvii, 
852 pp., 40 pl., with 381. explanatory (to pl. 1-38), 1 folded map.J 
I. Report of the Commissioner, [S. F. Baird.] pp vii-xlvii,.• 
II. General plan of' inquiries prosecuted. [1. Memoranda of 
inquiry relative to the food-fishes of the United .States. 2. 
Questions relative to the food-fishes of' the United States.] 
pp.1-6. . 
III. Testimony in regard to the present condition pf the fo,b-
eries, taken in 1871. pp. 7-72. 
IV. Special arguments in regard to regulating the sea-fisheries 
by law. pp. 73-103. 
V. Reports of State commissions in regard to regulating the 
sea-fisheries by law. pp. 104-124. 
VI. Report of conference of the United States Commissioner 
with commissioners of Rhode Island and Massachm;etts, held 
October 5, 1871. pp. 125-131. 
VII. Draught of law proposed for the consideration of, and 
enactment by, the legislatures of Massachusetts, Rhode Island, 
and Connecticut. pp. 132-134. 
VIII. Miscellaneotts corresponq.en~e and communications on 
the subject of the sea-fisheries, pp. 135-138. 
IX. European authorities on the subject of regulating the fish-
eries by law. pp. 139-148. 
X. Notices in regard to the abundance of fish on the New 
England coast in former times. pp. 149-172. 
XI. Statistics of fish and fisheries on the south shore of New 
England. pp. 173-181. 
XII. Supplementary testimony and information relative to the 
condition of the fisheries of the south side of New England, 
taken in 1872. pp. 182-195, 
XIII. Pleadings before the senate committee on fisheries, of 
the Rhode Island legislature, at its January session of 1872. 
pp. 196-227. 
XIV. Natural history of some of the more important food-fishes 
of the south shore of New England [viz: the scup (Steno-
tomus argyrops) and the blue-fish (Pomatomus saltatrix)]. pp. 
228-252. 
XV. Description of apparatus used in capturing fish on the 
· This portion, with the general title-page, (pp. i-:xlvii,) was issued in advance 
1 par1 td~ . 
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sea-coast and lakes of the United States. pp. 253-27 4, with 
19 (1-19) figs. and pl. (maps} xxxix and xl, and large folded 
map. 
XV1. List of pat.ents granted by the United States to the end 
of 1872 for inventions connected with the capture, utili_zation, 
or cultivation of fish and marine animals. pp. 275-~80. 
XVII. List of the sea-weeds or marine algre of the south 
coast of New England. By W. G. Farlow, M. D. pp. 281-294. 
XVIII. Report upon the invertebrate animals of Vineyard 
Round and the adjacent waters, with an account of the 
physical characters of the region. By A. ,E. Verrill. pp. 
295-778, with pl. i-xxxviii. 
XIX. Catalogue .of the :fishes of the east coast of · North 
America. By Theodore Hill. pp. 779-822. 
XX. Li~t of fishes collected at Wood's Hole, [between June 
20 and October 4.] By S. F. Baird. pp. 823-827. 
XXI. Table of temperatures of the little harbor, Wood's Hole, 
Mass., from January 1, 1873, to December 31, 1873. pp. 
828-831. 
XXII. List of illustrations. p. 833. 
XXIII. General index. pp. 835-852. 
42d Congress, 3d sessioJ}. House of Representatives. M.is. Doc. 
No. 86. I = I Fish-propagation for food. I Letter j of I Professor 
Baird, I relative to j an appropriation for the propagation· of 
food-fishes in the rh;ers of the J United States. [Washing-
ton: Government Printing-Office. 1873. 8vo, 7 pp.] 
N OTE.-Witbout title-page, 
43d Congress, 1st session. House of Representatives. Mis. Doc. 
No. 235. I= I Appropriation for preservation off?od-fishes. I - I 
Letter I· of the I United StatesComrnissioneroffish and fisheries, I 
asking I a deficiency appropriation for the fiscal year ending June 
30, 187 4. [Washington: Go,·ernment Printing-Office. 187 4 . . 8vo, 
8 pp.] 
.ALABAMA, 
Report I of the I commissioners to encourage I :fish-culture, I sub-
mitted to the I governor of Alabama, I January 26th, 1872. I -
:Montgomery, Ala.: I W. W. Screws, State printer. J - I 1872.· 
(8vo,7-pp.] · 
CALIFORNIA, 
1. Report I of the I commissioners of fisheries I of the I State of 
California I for I th~ years 1870 and 1871. I [Seal.j I Sacramento; 
I T. A. Springer, State printer. I 1872. [8vo, col. title, 24 pp, l 
2. Report I of the I commissioners of :fisheries I of the I State of · 
California I for I the years 1872 and 1873. I - I San Francisco : I 
Francis & Valentine, printers and engravers, .517 Olay street. I 
187 4. [Svo, 28 pp.] 
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COlfflEOTICUT. 
1. Report I of the I commissioners I. concerning the protection of 
fish I in the I Connecticut River, &c., I to the I genera.I assembly, 
I ,May session, 1867. I - I Printed by order of the Jegislature. I 
- I Hartford: I Case, Lockwood and Company, printers. I 1867. 
[Svo, 25 ( +1) pp., 1 pl.] 
2. Report I of the I commi~sioners on fisheries, I to the I general as-
sembly, I May session, 1868. I New Haven: I Thomas J. Stafford, 
State printer~ I 1868. [8vo,, 28 pp.] 
3. Report I of the I commissioners of fisheries I to the I general as-
sembly, I May session, 1869. 1-1 Middletown: I A. Newton & 
Son, printers. I 1869. [8vo, 18 pp. J 
4. Fourth report I of the I commissioners of fisheries I of the I State 
of Connecticut, I 1870. I Hartford : I Case, Lockwood & Brainard, 
printers. I 1870. · [8vo, 37 pp.] ~ 
5. Fifth report I of the I commissionersoffisheries I of the I State of 
Coicnnectnt, I 1871. 1 - I Hartford : I Case, Lockwood & Brain-
ard, printers. I 1871. [8vo, 46 pp. J 
6. Sixth report I of the I commissioners of fisheries I of'the I State 
of Connecticpt. I 1872. 1-1 Hartford: press of Case, Lockwood 
& Brainard. I 1872. [8vo, 36 pp.] 
7. Seventh report I of the I commissioners of fisheries I of the I State 
of Connecticut. I 1873. I - I Hartford, Conn.: I press of Case, 
Lockwood & Brainard. I 1873. [8vo, 48•pp.J 
8. Eighth Report I of the I commissionersoffisheries I of the I State 
of Connecticut, I 1874. 1-1 Hartford: I press of the Case, Lock-
wood & Brainard Co. I 187 4. [8vo, 36 pp.] 
MAINE. 
1-2. Reports I of the I commissioners of fisheries I of the I State· of 
Maine I for the years I 1867 and 1868.1-1 Augusta: I Owen & 
Nash, print~rs to the State. I 1869. [8vo, 96 pp., 2 pl.; 43 pp., 1 I.] 
OON'.l'ENTS. 
First report-1867. [Part 1, pp. 3-96; part 2, pp. 41-43 (index).] 
Second report-1868. [Part .2, pp. 1-39, 45.] 
3. Third report I of the I commissioner of fisheries I of the I State of 
Maine, I 1869.1-1 Augusta: I Sprague, Owen & Nash, printers 
to the State. I 1870. I [8vo, 48 pp., 1 pl.] 
NOTE.-The plate illostrat,ee the black bass (Micropterua aalmoidea). 
4:. Fourth report I of the I commissioner of fisheries I of the I State 
of Maine I for the year. I 1870. I - I Augusta: I Sprague, Owen & 
Nash, printers to the State. j 1870. [8vo, 56 pp., 2 pl. (1 folded).] 
NOTE.-The plat.es are diagrams offish-ways for salmon. 
5. Fifth report I of the I commissioner of fisheries I of the I State of 
l\laine I for the year 11871. I - I Augusta: I Sprague, Owen & · 
Nash, printers to the State. I 1872. [8vo, 30 pp., 11., 1 pl.] 
!i'OTB,-The plate represents the embryology of the salmon, 
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6. Sixth Report I of the I commissioners of fisheries I of the I Sth.te 
of Maine, I for the year I 1872. I Augusta: I Sprague, Owen & 
. Nash, printers to the State. I 1873. [8vo, 16 pp.J 
7. Seventh report I of the I commissioners offisheries I of the I State 
of Maine, I for the year I 1873. I Augusta: I Sprague, Owen & 
Nash, printers to the State. I 1874. l8vo, 39 pp.] 
NoTE.-A plate representing the sexual organs of the American lobster, drawn 
by Sidney I. Smith, was loosely inserted in the later issues of this report. 
MARYLAND.• 
No report on true fishes published yet. 
MASSACHUSETTS. 
[Senate .. No. 193.J Report of commissioners I appointed I under 
resolve of 1856, chap .. 58, I concerning the I artificial propaga-
tion of fish, I with I other documents. I - I Boston: I William 
White, printer to the State. I 1857. [8vo, 1 col. title-page, 54 pp.] 
NoTE,-Contains (pp. 19-54) a translation of the article on pisciculture by 
Jules Haime from the" Revue des denx mondes," June, 1854. 
Senate .. No. 8. I = I Commonwealth of Massachusetts .. [The report 
of commissio~ers, appointed May 3, 1865, "concerning the ob-
structions to the passage of fish in the Connecticut and Me1Ti-
mack Rivers." Boston, 1866. 8vo, 77 pp., 1 pl. folded.] 
NoTE.-Without title-page; the title given under the unbracketed caption 
being repeated from the governor's message transmitting and prefatory 
to the report. 
1. House .. No. 3 I== I Commonwealth of Massachusetts. 1-1 Re-
port I of the I commissioners of fisheries. I - I Boston: I Wright 
& Potter, State printers 1867. [8vo, 7 pp., 1 pl.] 
NOTE.-The first report of the commissioners of fisheries appointed under chap-
ter 238 of the acts of 1866; without separate title page. 
2. House .. No. 60. I = I Report I of the I commissioners of fisher• 
ies, l for the year ending. I January 1, 1868. I - I Bos_ton _: I 
*The following special reports on the oyster-fisheries are noteworthy: 
1. Report I upon the I oyster resources I of Mary land I to the I general assem -
bly, I by I Hunter Davideon, esq., J com. State oyster police force. I - I Annapo- · 
lis: I Wm. 'l'hompson of R., printer. I - I 1870. [Svo, 20 pp.] 
2. Report I on the I oyster :fisheries : I Potomac River shad and 4erring fisheries, I 
and the water :fowl of I Maryland I to his excellency the gov~ner, I an,1 other I 
commissioners of the State 0. P. force, I January, 1872. I - I Annapolis: I S.S. 
Mills, L. ~,. Colton & Co., printers. I 1872, [Svo, 48 pp. J 
3. Report I of the I commander I of the I oyster fisheries and water fowl I of I 
Maryland, I to his excellency the governor, I and the I commissioners of the 
State O. P. force. I January 1st, 1874. I - I Annapolis: I Wm. T. Iglehart & 
Company, I printers to the senate, I - I 1873. [8vo, 11 pp.] . 
NoTE,-On cover, dated 1814. 
4. The I oyster law of Maryland. I January session, 1874. I An act to repeal article 
seventy-one of the code of I public general laws, title I "Oysters," I as amended 
and re-enacted by chapter 'three hun~ I dred and sixty-four, of the acts passed 
at Janu- I ary session, eighteen hundred and seventy, I and also chapter one 
hundred and sixty-seven of the acts passed at the January I session, eighteen 
hundred and I seventy-two. I - I Annapoiis: I S. Sands Mills & L. F. Colton, l 
printers to the house of delegates. I 1874. [Svo, 13 pp.] • 
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Wright & Potter, State printers, I No. 4 Spring Lane. j 1868. 
[8vo, 50 pp., 3 pl.] 
NOTE.-With pl. i representing "embryo American Rhad (Alosapra:,tabilis)'' 
in 7 fig., aud pl. ii representing batohing-apparatus, etc. 
3. Senate .. No. 3. I = I Report I of the I commissioners of fisheries, 
I for the year ending I January 1, 1869. I - I Boston : I Wright & 
Potter, State printers, No. 79 Milk street, I (corner of Federal 
street.) I 1869. (8vo, 71 pp.] 
4. Senate .. No.12. I = I Report I of the I commissioners offlsh~ries, 
I for the year ending I January 1, 1870. I - I Boston: I Wright & 
Potter, State printers, I 79 Milk street, ( corner of Federal.) I 1870. 
(8vo, 67 pp., 1 pl. representing embryos and newly-hatched of 
Salmo (fig. 1, 2, 6, 8, 10), Alosa (3), Perea (4), Osmerus (6, 7); and 
fungus of eggs.] 
5. Senate .. No. 11. I= j Fifth annual report J of the I commission-
ers I on I inland fisheries. 1-1 January, 1871. I - J Boston: I 
Wright & Potter, State printers, J 79 Milk street (corner of Fed-
eral). I 1871. f8vo, 77 pp.] 
6. Senate .. No. 3. J = j Sixth annual report J of the I commissioners 
I on I inland fisheries, J for the year ending J annary 1, 1872. I - I 
Boston: I Wright & Potter, State printers, 79 Milk street (cor-
ner of Federal). J 1872. [8vo, 78 pp., 2 pl., 1 folded table,+(ap-
pendix) 1 p. 1., 270 pp.~ 
7. Senate • . No.8. J = I Seventh annual report~ of the .t commission-
ers I on I inland fisheries,~ for the J year ending January 1, 
1873. I - ~ Boston: J Wright & Potter, State printers, 19 Prov- · 
ince street. I 1873. l8vo, 35 pp, 3 pl folded.) 
MICHIGAN. 
Pisciculture, or fish-farming. I An address I before .the I legislature 
of Michigan I on the .I artificial propagation of fish, j and the J 
restocking of the public waters l of the Statt,. I Delivered at Lans-
ing, February 28, 1871, I by Hon. N. W. Clark, ,I of Clarkston, 
Mich. I Detroit: I Tribune Book .and Job Office. J 1871. I 8vo, 23 
pp.j 
Propagatldn of fish: I an addresi to dihe legislature, I by N .. W. Olark. 
NEW HAMPSHIRE. 
1. Report I of t.he I commissioners on flsheries, .J made to the ,I legis• 
lature of New Hampshire, I June session, 1866 .. f Concord: I 
George E. Jenks, State printer. I 1866. (Svo, 16 pp.] 
Non.-The second report waa not pobliabed separately. 
3. Report I of I the commissioners I on i inland or river fisheries, I 
June session, 1863. I Manchester: I John B. Clarke, State 
printer, I 1868. rsvo, 8 pp.J 
4. Report I of I the fish-commissioners I totbe 1 legislatnre,J une ses-
sion, 1869. I Manchester: I John B. Clarke, State printer. j 1869. 
Svo, 10 pp.] 
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5. Report I of the I commissioners on fisheries I of the I State of New 
Hamp8hire, I .June session, 1870. I Manchester: I John B. Clarke, 
State printer. I 1870. (8vo, 15 pp.J 
6. Report j of the I commissioners on fisheriPs I of the I State of New 
Hampshire, I June session, 1871. I Nashua: I Orren C. Moore, 
State printer. I 1871. [8Yo, 11 pp.] 
7. Report I of the I commissioners on fisheries I of the I State of New 
, Hampshire, J June session, 1872. I - I Manchester: I James M. 
Campbell, State printer. I 1872. (8·vo, 15 pp.] 
8. Report I of the I commissionersonfisheries I of the I State of New 
Hampshire, I June session, 1873. I Nashua: I Orren C. Moore, 
State priuter, I 1873. [8vo, 13 pp.] 
NEW JERSEY. 
1. First annu~l report I of the I commissioners of fisheries I of the I 
State of New Jersey. I 1871. I - I Trenton, N. J.: I Murphy & 
Bechtel, book and job printel's-State Gazette Office. I 1871. (8vo, 
2G pp., 4 maps (2 folded).] 
NoTE.-The maps represent the Dela.ware River at Scudder's Falls, etc. 
2. Second annual report I of the I commissioners of fisheries I of 
the I State of New Jersey. j 1872. I - I Trenton, N. J. I Printed 
at the Gazette Office. I 1872. [8vo, 22 pp. J 
3. Third annual report I of the I commissioners of fisheries I of the 
I State of New Jersey I for the year 1872. I - I Trenton, 
N. J.: I the State Gazette Office-Murphy & Be(;htel, book and 
joh printers. I 1872. [8vo, 28 pp. J 
4. Fourth annual report I of the I commissioners of :fisheries I of 
the I State of New Jersey for the year 1873. I - l Trenton, 
I N. J. l the State Gazette. I - I Murphy & Bechtel, book and 
job printers. I - j 1873. [8vo, 32 pp., appendixes.] 
NEW YORK. 
1. Fisheries of the State of New York. I - I Report I of the I com-
missioners of fisheries I of the I State of New York, I giving the 
number, names, location, and areas of all I the lakes within the 
State of New York, the I coast-lines of lakes Ontario and Erie, I 
and that portion of the State I bordering on the ocean, I with a 
map, I showing the lakes, streams in the State, I railroad and 
caual lines. I - I Transmitted to the legislature March 9, 1869. 
I - I Albany: I Weed, Parsons & Uo., printers and publishers. 
I 1869. l8vo, 75 pp., 1 folded map.] 
2. Report I of the I commissioner~offisheries I of the I State of New 
York. I - I Transmitted to the legi~lature March 11th, 1870, 
I - I Albany: I The Argus Company, printers. I 1870. [8vo, 
20 pp.] 
3. Repol't I of the I commissioner of fisheries I of the I State of New 
I 
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York. I - I Transmitted to the legislature February 28, 1871. 
I - I Albany: I The Argus Company, printers. I 1871. [8vo, 
32 pp.] 
4. Fourth annual report I of the I commissioners of :fisheries I of 
the I State of New York. I - I Transmitted to. the legislature 
March 19, 1872. I - I Albany: I The Argus Company, printers. I 
1872. [8vo, 34 PP•l 
5. Report I of the I commissionersoffisheries I of the I State of New • 
York. I - I Transmitted to the legislature February 12, 1873. 
I - I Albany: I The Argus Company, printers. I 1873. l 8vo, 
32 pp.] 
6. Report I of the f commissioners of fisheries I of the I State of New 
York. I Transmitted to the legislature February 5, 1874. I Al-
bany: I Weed, Parsons and Company, printers: I 1874. [8vo, 39 
( + 2) pp., 8 pl.] 
NoiE.-The plates represent the New York State ba.tching-house, etc. 
Omo. 
Report I of the I commissioners of fisheries I of the I State of 
Ohio, I for the year ending December, 1873. I - I Columbus: I 
Nevins & Myers, State printers. I 1874. [8vo, 40 pp. (with 5 cuts).] 
N-0TE.-The first teport. 
An essay I on I fish-culture. I By John H. Klippart. 1-1 Read be-
fore the Ohio State agricultural convention, 1873. I - I Colum-
bus: I Nevins & Myers, book-printers. I 1873. f8vo, 20 pp., 1 
cut.] 
PENNSYLVANIA. 
1. Commonwealth of Pennsylvania. 1-1 Report I of the I commis-
sioner for the restoration I of the I Inland Fisheries, I for the year 
1870. I - I Harrisburg: I B. Singerly, State printer, I 1871. [8vo, 
48 pp.] 
Nopt.-Reprinted, with separate pagination, from the" Miscellaneous docu-
ments read in the legisla.tore of the commonwealth of Pennsylvania," 
[etc.,] session of 1871, pp. 979-996. 
2. Report of the commissioner for the restoration of the Inland I 
Fisheries for the year 1871. I <Miscellaneous documents read in 
the I Legislature of the I commonwealth of Pennsylvania J <luring 
the session which commenced at Harrisburg January 21, 1874. I 
Harrisburg: B. Singerly, State printer. I 1872. [8vo, pp. 259-
274. j 
NOTE.-The plates are diagrams of fish-ladders; the first being identical 
with the fl.mt in the fourth New Hampshire report, 1870. 
3. Commonwealth of Pennsylvania. I - I Report I of the I commis-
s1oner for the restoration I of the I Inland ~,isheries, I for the year 
!871; I including his I special report to the senate I on the I sub-
.1 •1 of fish-ladders. I - I Harrisburg: I B. Singerly, State printer. 
I 1872. [8vo, 24 pp., 2 pl. (1 folded).] 
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4. Commonwealth of Pennsylvania. I - I Report I of the I State 
commissioners I of I fisheries, I for the year 1873. I - I Hariis-
burg: I Benjamin Singerly, State printer. I 187 4. [8vo, 30 pp., 1 pl. 
RHODE ISLAND.• 
U State of Rhode Island, &c. I = I Report I of the I commissionea 
to investigate the practicability of re-stocking I the waters of the 
State with salmon and (?ther migratory fish. [1869. 8vo, 16 pp.j 
NoTE.-Without title-page. 
2. Report I· of the I commissioners of internal fisheries, I presentet 
.February, 1872. I - I Appointed by the governor in accordancl 
with chap. 920, sec. 1st, "An act in I amendment of chap. 848 of 
the public laws," entitled "An act for the encouraging and regu. 
lating inland fisheries," passed March ~1st, 1871. I - I Provi-
dence: I A. Crawford Greene, printer to the State. I 1872. f8vo, 
16 pp.] 
3. State of Rhode Island, &c. I = I Third annual report I of the~ 
commissioners of in~and fisheries, I made to the I general as-
sembly I at its I January session, A. D. 1873: I - I Providence: 
j .Providence Press Company, printers to ~he State. I 1873. 
[8vo, 8 pp.+ (appendix) 11. ·(= PP~ 11-12).] 
4. State of Rhode Island, &c. I = I Fourth annual report I of the I 
commissioners on inland fisheries, I made to the I general assem-
bly at its January session, I A. D. 187 4. I - I 'Providence : I 
Providence Press Company, printers to the State. j 1874. [8vo, 
10 pp.] 
"'On account of the special interest of and information contained therein, the fol-
owing documents are noteworthy : 
' State of Rhode Islll,nd, &c. I - I Majority report I of the I committee on :fish -
eries. I January session, A. D. 1870. [8vo, 6 pp.] 
NoTE.-Recommendation of act prohibiting (conditionally) trap- . 
ping fl.sh, signed by Jabez W. 'Mowbray, Thomas G. Carr, Ezra 
i J. Cady, Henry T. Grant, committee. 
State of Rhode Island, &c. I Minority report I of the I committee on :fisherieij. 
I January session, A. D. 1870. [8vo, 3 pp.] 
Norn.-Signed by John G. Childe, one of the committee. 
Acts and resolves I passed at the I January session I of the I general assem-
bly I of the I State of Rhode Island I and Providence Plantations J 1870. 
IO I Providence: I Providence Press Company, tate printers. j 1870.· 
[8vo, xii, 245 pp.] ·• . 
Repo!'t I of the I joint special committee I of the I general a~sembly of Rhode 
Island, l appointed to examine into the I fisheries of Narragansett Bay. 
I - I May session, A. D. lt,70. I - I Pawtucket: I N~kerson & Sibley, 
book and job printers. I 1870. [8vo, 15ti pp., 11.] 
Majority report I of the I committee on fisheries. I January session, A. D. 
1870. [Bvo, 6 pp.,+ minority report, 3 pp.] 
Views I in relation to I protecting :fish I in the I tide-waters of the State, 
[1871. 8vo, 12 pp.] 
NoTE.-Without title-page. 
(N. B.-Laid before the asse~bly, May, i871.) 
[Minority report to the senate of the committee on ;fisheries. By Albert 
Coggeshall. March, 1872. · 8vo, 4 pp.] · 
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UTAH. 
Report I of I Deseret Agricultural I and I Manufacturing Society, I 
for the years I 1872-3. I David b. Calder, public printer, Salt Lake 
City, Vtab. I 1874. [8vo., 1 col. title, 7 pp.J 
NOTE.-Contains (pp. 5-7) a report to the ''Hons. Wilford Woodruff, George 
Q. Cannon, and A. M. Musser,· directors of Zion's Co-operative Fish-A.sso_ 
ciation," by A. P. Rockwood, _superintendent, on "the . progress in the 
piscatorial department during the !ear ending December 31st, 1873." 
YERMONT. 
Report I made under authority I of the I legislature of Vermont, 
on the I artificial propagation of fish, I by I George P. Marsh. 
I - I 'Burlington: I Free Press print. I 1857. [8vo, 52 pp. + (ap-
pendix) = 62 pp., 1 I.J 
1. Report of commissioners I relative to the I restoration of sea-fish 
I to the I Connecticut River and its tributaries. I - I By order 
of the legislature of Vermont. I - I Annual session, 1866. I - I 
Montpelier: I Freeman steam printing establishment. I 1866. 
[8vo, 35 pp.] 
NoTE.-First report. . 
2. Report I of the I fish commissioners I of the I State of'Vermont. I 
By I Albert D. Hager and Charles Barrett. I For the year 1867. 
I - I Montpelier: I Walton's steam printing establishment. I 
1867. f Svo, 25 pp.] 
NoTE.-Second report. 
3. Repor~ I ofthe I fish commissioners I of the I StateofVermont. I 
By I Albert D. Hager and Charles Barrett. I Ifo1· the year 1869. 
I - I Montpelier: I Poland steam printing establishment, I J·our-
nal building, State street. I 1869. [Svo, 16 pp.J 
NOTE.-Third report; none made in 1868. 
4:. Report I of the I fish commissioners I of the I State of Vermont I 
by IM. C. Edmunds and M. Goldsmith, I for the years 1871-2. 
·1- I Montpelier: I J. & J.M. Poland's steam printing establish-
ment. I 1872. [8vo, 20 pp.] 
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LIST OF ILLUSTRATIONS. 
PLATE I. Fig. 1. Palremonetes exilipes, (p. 641 ;) from Lake Erie, lateral view, enlarged 
two diameters. By J. H. Emerton. 
Fig. 2: Mysis relicta, (p. 642 ;) female, from Lake Superior, lateral view, enlarged 
about five diameters. By S. I. Smith. 
Fig. 3. Asellopsis tenax, (p. 659 ;) male, from Lake Superior, dorsal view, en-
larged four and a half diameters. By J. H. Emerton. 
Fig. 4. Asellus communis, (p. 657 ;) male, from New Haven, Conn., dorsal view, 
enlarged two and a half Jiameters. By 0. Harger. 
PLATE II. Fig. 5. Pontoporeia Hoyi, (p. 647 ;) female, from Lake Superior, lateral view1 
enlarged ten diameters. Drawn by. S. I. Smith. 
Fig. 6. Gammarus limnreus, (p. 651 ;) male, from Lake Superior, lateral view, 
enlarged four diameters. Drawn by J. H. Emerton. 
Fig. 7. The same; dorsal view of the posterior part of the abdomen, showing 
the arrangement of the spines and the form o,f the telson, enlar~eu 
twelve diameters. Drawn by S. I. Smith." 
Fig. 8. Hyalella dentata, (p. 645 ;) male, from Madison, Wis.; lateral view, 
enlarged twelve diameters. By J. H. Emerton. 
Fig. 9. The same; female, anterior portion. By J. H. Emerton. 
Fig, 10. The same; male, telson and one of the posterior caudal sty lets, dorsal 
view, en}arged sixty diameters. By S. I. Smith. 
i~ig.11. Daphnia galeata, (p. 695 ;) lateral view, enlarged about forty diame-
ters. By S. I. Smith. 
PLATE III. Fig.12. Lernreopoda fontinalis, (p. 663 ;) female, enlarged four diameters; 
a, lateral view; b, dorsal view. Drawn by J. H. Emerton. 
Fig, 13. The same; lateral view of the head, much. enlai;ged; a, mouth; b, 
palpus-like appendage; c, antennula; d, antenna. Drawn by S. I. 
Smith. 
Fig. 14. The same; a, prehensile maxilliped of the right side, seen from be-
neath, enlarged fifty diameters; b, one of the mandibles, enlarged 
three hundred and fifty diameters. Drawn by S. I. Smith. 
Fig.15 . .Lernreopoda siscowet, (p. 664 ;) female, enlarged four diameters; a, 
lateral view; b, dorsal view. Drawn by J. H. Emerton. 
Fig. 16. The same; a, one of the mandibles, enlarged one hundred and seventy-
five diameters; b, prehensile maxilliped of the left side, seen from 
beneath, enlarged twenty-five diameters; b', palpus-like appendage 
upon the penultimate segment, enlarged fifty diameters. Drawn by 
S. I. Smith. ' 
Fig, 17. Lernmopoda (f) coregoni, (p. 664 ;) a, prehensile maxilliped of the right 
side, seen from beneath, enlarged about twelve diameters; a', tip of 
the same, enlarged about twenty-five diameters; b and c, mandi-
bles, enlarged one hundred and seventy-five diameters. Drawn by 
S. I. Smith. · 
Fig. 18. Phryganeidre, (p. 694 ;) larva, removed from its tube, lateral view, 
enlarged six diameters; a, outline of the tube, natural size. Drawn 
by J. H. Emerton. 
Fig, 19. The same; dorsal view. Drawn by J. H. Emerton. 
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786 LIST OF ILLUSTRATIONS. 
PLATE III. }..,ig. 20. Chironomus, species a, (p. 693 ;) larva, lateral view, enlarged six 
diameters. Drawn by J. H. Emerton. 
Fig. 21. The same; pupa, lateral view, enlarged six: diameters. Drawn by J. 
H.Emerton. 
Fig. 22. Chironomus, species c, (p. 693;) larva, lateral view, enlarged six diam-
eters. Drawn by J. H. Emerton. 
PLATE IV. View of salmon-pens and spawning-shed, Bucksport, Me., (p. 248.) From 
Harper's Magazine. 
PLA.TE V. Fig. 1. Interior of spawning-shed, Bucksport, Me., (p. 2-18.) From Harper's 
Magazine. 
Fig. 2. Interior of salmon-hatching house, Bucksport, Me., (p. 247.) From 
Harper's Magazine. 
PLATE VI. Fig. 1. Plan of salmon-breeding works at Bucksport, Me., (p. 248.) Scale, 
87 feet to an inch. 
Fig. 2. Map of Spofford's Brook, B11cksport, Me., (p. 24-9.) Scale, 1,300 feet to 
an inch. Showing loeatiou of hatching-works and salmon-pond. 
PLA1'E VII. Fig. 1. Ground floor of the salmon-hatching house, Bucksport, Me., (p. 247.) 
Scale, 20 feet to an inch. 
Fig. 2. Second floor of the salmon hatching-house, Bucksport, Me. 
PLATE VIII. Plan of salmon-net, Penobscot Bay, (p. 30:5 ;) a, outer pond; b, head grap-
ple-warp; c, outer pound grapple-warp; d, inner pound; e, shear; f, 
hook; g, book grapple-warp; h, run. Scale~ 12 feet to an inch. For 
side-elevation of this plan see Pl. ix, Fig. 2. 
Pu.TE IX. Fig. 1. Gang of (three) salmon-nets, Penobscot Bay, (p. 305,) ground plan. 
Scale, 60 feet to an inch. a, pounds; b, head grapple-warp; c, outer-
pound grapple-warps; d, inner pounds; e, shear; f,_ hook; g, hook 
gmpple.-warp. 
Fig. 2. Same as with VIII. Scale, 36 feet to an inch. Side-elevation. b, head 
grapple-warp; c, outer pound grapple-warp; g, hook grapple-warp ; 
h, run; i, straddle-warp; j, spring-pole; k, poles; r, river-bed. 
Pu.TEX. Same as VIII, (p. 305.) (Ideal perspective.) 
PLATE XI. Fig. 1. Same as VIII, (p. 305.) (Ideal perspective.) 
Fig 2. The fish-pound ot'salmon-weir at low water, (p. 306,) Penobscot River. 
PLATE XII. Various styles of salmon-weirs; to save 15pace, the leader of each plan is 
represented much shorter than it actually is; No. 1 is the ordinary 
style; Nos. 2 and 3 are used in narrow or rapid tide-ways, or where 
the bottom slopes off too steep to admit of the first style. (Per-
spective view of the smaller or fish-pound given in Pl. :xi, Fig. 2.) 
Fig. 1. Salmon-weir, Penobscot River, No. 1, (p. 305,) ground-plan; scale 32 
feet to an inch. a, great pound; b, second pound; c, fi!Jh-pound; d, 
leader; /,direction of current during ebb-tide; g,. _ •••• courseof fish. 
Fig 2. Salmon-weir, Penobscot River, No. 2, (p. 310,) ground-plan. Scale, 37¼ 
feet to an inch ; lettering same as in Fig. 1. 
fig. 3. Snlmoo-weir, Penobscot River, No. 3, (p. 311,) ground-plan; scale, 36 
feot to an inch. a, great pound; b, second pound; o, fish-pound; d, 
leader; e, shore-line; /, direction of current 4.nring ebb-tide. 
Fig. 4. Fish-weir, 8aint Croix River, (p. 294 ;) ground-plan. Scale, 30 feet to 
an inch. a, hedge ; b, big pound ; o, little pound. The arrow shows 
the direction of the ebb-tide current; the ffsb-ponod is placed ou 
t 111 lo ' · •r side of the big pound instead of the upper side as ou the 
l', 1101 -eot . 
. 1. I uproved pound-a 3t of Lake Erie, (seep. 264, vol. 1 ;) ground-plan. 
· • lt', 32 {t,et to an iuch. Showiug leader, h~art, tunnel, and pot. 
LIST OF ILLUSTRATIONS. 787 
, 
Pr.A.TB XIII. Fig. 2. Harris's Point pound, Easiport, Me. Drawn by G. B. Goode. 
Fig. !l. Herring-weir, near Eastport, Me. Drawn by G. B. Goode. 
PLATE XIV. Holton's fish-spawn hatchers, (p. 546 and p. 580 ;) patentfjd March 18, 1873. 
No. 136834. 
Fig. 1. Vertical central section of one case of ttays. A, onter wooden case; 
B, open space at concave (Y) bottom; C, channel around the top of 
case A; P, supply-pipe; a, pins securing trays in .position; ~ wire-
cloth-hottorued trays; c', upper tray; d, inlet-opening of supply-
pipo; f, discharge-spout; h, deflector for distributing the fl.ow of 
water ; i, ledge upon which the trays rest ; n, standards for sup-
porting deflector; p, discharge-pipe for sediment and impurities; 
straps for lifting the trays from the case. 
Fig. 2. Same; top or plan view; letters as in Fig. 1. 
Fig. 3. Same; transverse secti<¥1al view of cylindrical bottom, B; letters as in 
Fig, 1. 
PLATE XV. Clark's fish-hatching apparatus, (p. 546 and p. 582.) 
~'ig. 1. Plan-view of a portion of hatching-house. A, walls of hat,ching-honse; 
B, an elevated water-tank; C, ccSmpartmeuts in hatching-troughs; D, 
hatching-boxes, containing trays; E, trays or sieves to contain eggs; 
I!', a perforated sheet-metal cover to hatching-boxes; G, cross-bar 
securing boxes in place; H, 81.mllow trough to contain trays of eggs 
when removing foal matter; a, a', faucets; b, water-channels or 
gutters; h, screen at outlet of water-channels. 
Fig. 2. Vertical section on the line x x, in Fig. 1; c, feet to hatching-boxes; d, 
risers, elevating trays from bottom of hatching-box; e, small slots 
securing cross-bar, G; other letters same as in Fig. 1. 
.Jtig. 3. Sectional view of cross-bar; f, feet of cross-bar; other letter~ the same 
as in F'ig. 1. 
Fig. 4. Sectional per1,1pective of hatching-box; letters same as in Fig. 1. 
Fig. 5. Per1:1pective of water-channel; letters same as in Fig. 1. · 
Fig. 6. Perspective view of inverted hatching-box; letters same as in Fig. 2. 
PLATE XVI. Hatching-apparatus. 
l!..,ig. 1. Sectional view of Williamson's improved double-riffle hatching-box, 
(pp. 547 and 585.) 
Fig. 2. Perspective view of nest of trays in Williamson's improved double-riffle 
hatching-box. 
Fig. 3. Perspective view of Clark's hatching-apparatus in operation; A, water-
tank; B, perforated sheet-metal covering boxes; C, cross-bar secur-
ing boxes in place; D, troughs; E, hatching-boxes containing trays; 
F, trays ; G, H, K, nursery-compartments for young fish ; L, trays 
in shallow trough while removing dead eggs ; M, shallow trough to 
, contain trays when removing dead eggs; N, discharge-tube; P, 
waste-spout from nursery-trough. 
PLATE XVII. Shad-hatching boxes. 
~'ig. 1. Seth Green's hatching-box, (pp. 426, 544, and 578.) 
Fig. 2. Vertical section of the same. 
Fig. 3. Vertical section of hatching-box of H. M. Bannister. 
Fig. 4. Stilwell and Atkins's shad-hatching box, (p. 579.;) figures indicate 
dimensions in inches. 
Fig. 5. Vertical section of same. 
PI.ATE XVIII. Illustration to paper by R. Hessel on mode of hatching adhesive eggs, 
(p. 567.) 
Fig. 1. Perspective view of frame of box containing frames of gauge-screens; 
bottom, sides, and lid of box to be covered with canvas; interior 
frames with bottom of wire-gauge. 
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PLATE XVIII. Fig. 2. Plan-view uf box. 
Fig. 3. Plan-view of gauge-screens. 
Fig. 4. Perspective view of shallow pan; containing gauze-screen while depos. 
iting the eggs. 
Jtig. 5. Skeleton of hitching-basket. 
Fig. 6. Hatching-basket plaited or wattled with juniper-bough,s. 
]?LATE XIX. Illustrations to accompany paper by Theod;re Lyman on fish-culture in 
brackish waters, (p. 575.) 
Fig. 1. Outer side of dam; a, flowage-cut; b, waste-way. 
ltig. 2. Section of the clam at the waste-way; c, inner.screen protecting outer 
screens from driftwood and logs; d, second screen with finAr grat-
ing; e, central screen, with grating, as in Fig 4, to stop the fish; f, 
seaward screen to protect from action of waves and floating mate-
rials. , 
Fig. 3. Plan-view of waste-way of dam ; letters same as in Fig. 2. 
Fig. 4. Grating, e, of vertical rod~ and horizontal wires, full size. 
Fig. 5. Inner side of dam; A B, natural level of brook at low tide; C D, level 
of pond at low tide after dam is built; E lt, level of pond at high 
tide, both before and after dam is built; a, bed of brook, outlot 
open; b, waste-way. 
Fig. 6. Longitudinal section of pond; C D, level of pond at low tide after 
dam is built; E F, level of pond at high tide, both before and after 
dam is built; E, fresh water supplied from brook G; F, salt-water 
supplied from sea. 
PLATE XX. Fish-ways in the Columbia dam, Snsqul:'ha.nna River, Pennsylvania, (pp. 
6001 601, 604, and 610 ;) scale, 24: feet to an inch; intended mainly for 
the passage of shad. 
1.<'ig. 1. Fish-wa.y of 1873; plan in outline. 
Fig. 2. Fish-way of 1873; profile through A B of Fig. 1. 
Fig. 3. Fish-way of 1866; plan in outline. 
Fig. 4. Profile through C D, Fig. 3. 
PLATE XXI. Inclined-plane fish-ways, (pp. 604 and 610.) The arrows show the direc• 
tion of the current. 
Fig. 1. The Swazeyplan, invented by Alfred Swazey, of Bucksport, Me.,(p.614.) 
Fig. 2. The same, with additions by C. G. Atkins, (p. 614.) 
Fig. 3. 'fhe Foster plan. 
Fig. 4. The same modified, as built on Penmaquan River, (p. 613.) 
Fig. 5. From a design for a fish.way on Androscoggin River, August, 1870. 
Fig. 6. The Brackott plan; patented by E. A. Braokett, of Massachusett~. 
PLATE XXII. Plans of fish-ways, (pp. 606,607,610, 612.) 
Fig. 1. Smith's fish-way; invented by James Smith, of Deanstone, Scotland, 
1840, (p. 607.) 
Jtig. 2. Steck's ftsh•way; invent.eel by Daniel Steck, of Ptmnsylvania, (p.610.) 
Fig. 3. A recent device, not tested : the slanting boards will probably assist 
alewives. 
Fig. 4. The pool fish-way, (p. 606.) 
Fig. 5. E.A. Brackett'& improvement in fish-w,.ys; patented October 22, 187~, 
No. 132349. 1, a vertical section: A, loootion df da.rn; B, the trough 
or chute inclosing way; d, abutments or partial bnlk-heacls in chute; 
e,I, bends or wing. extending at right angles with bends or bulk-
head . 2, 111, • •I • · 1011: ~, lowest water-inlet or supply•port in 
chu ; c, 1, for closing inlet-port; A and B, same as in 1. 3, A, B, 
b , c, d, r, and/, same a.-J in 1 ancl 2; a, discw.rge•port a.t lower end; 
, b , additional inlet-ports, (p. 612.) 
of Brackett'e fish-way at South Hadley Falls, Hass., (p. 612.) 
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PLATE XXIV. Foster's ftsh-way at Union Mills, Saint proix River, 1867, (pp. 613, 616.) 
Fig. 1. Plan of location. 
Fig. 2. Plan of fish-way; E, upper end of the fish-way, where the water enters; 
G, lower end of fish-way, where fish enter; H, tail-race; a a, side-walls 
of fish-way; b b, cross-walls or bulk-heads; d d, passage-ways. 
Fig. 3. Same; side-elevation. . 
Fig. 4. Cross-section, showing shape of passage-ways; letters sa~e as in No. 2. 
PLATE XXV. Fish-way at Brownville, Me., designed by E. A. Brackett, 1873. Scale-
16 feet to an inch; gradient, 1 in 10. 
PLATE XXVI. Fish-ways on the Saint George River, at Warren, Me., (p. 695.) The old 
fish-way became useless because the fish (alewives) passed by it in the 
stronger current and crowded up under and near the flume J; the 
new fishway was built, and, though it was narrow and steep, great 
numbers of fiish passed through it. 
Fig. 1. a, dam; b, old fish-way; o, new fish-way; d, entrance for fish; f, flume ; 
g, mills ; Scale about ~O feet per inch. 
Fig. 2. h, side-walls; k, cross-walls; z, curb; l', another position for l; m, pas-
sage-ways; n, shelf. Scale about 5 feet to an inch. 
Fig. 3. Section of portion of fish-way; letters same as in Fig. 2. 
PLATE XXVII. Fig. 1. Smith's salmon-ladder, 1840; gradient, 1 in 7 ; inlet, 2 feet wide 
and 2 feet deep ; opening between each pool, 1 foot wide ; water 
in each pool, 15 inches deep. 
Fig. 2. Fish-way (for salmon) at Balisodare, Ireland. (After Roberts.) (pp. 
597-599, 605, 608.) Inclined plane; ~radient, 1 in 9. 
PLATE XXVIII. Brackett's fish-way, closed, perspective view; (p. 612.) 
PLATE XXIX. Pike's fish-way, (p. 609.) 
lI'ig. 1. Perspective view with portions of outer walls removed to show ar-
rangement of interior; this view represents a fish-way with two 
complete circuits and a portion of a third circuit, accomplishing a 
total descent of about 9 feet; if the height to be surmounted were 
10 feet, the outlet would be on the left-hand side. 
Fig. 2. Ground-plan of Pike's fish-way; scale, 1 foot. to f of an inch; arrows 
show direction of current; A, beginning of circuit ; B, end of circuit; 
c, c, o, steps, 3 inches each, the floor between the steps being level; d, 
d, d, outside walls; f, partition-walls. 
PLATE XXX. Foster's fish-way, closed, (p. 613.) 
PLA1'E XXXI. Common rectangular fish-way in opera.tion, (p. 611.) 
PLATE XXXII. Fig. 1. Brewer's first fish-way, (p. 606.) 
Fig. 2. Brewer's second fish-way, (p. 607:) 
PLATE XXXIII. Fig. 1. Cail's straight fish-way, (p. 608.) 1. Plan: E, entrance for water; 
O, outlet of water. 2. Section through A B. 
Fig. 2. Cail's spiral fish-way, (pp. 608, 614.) The outlet is not represented, but 
may be made at any point by piercing the outer wall; its precise 
location will be determined mainly by consider;:i,tions of convenience. 
PLATE XXXIV. Atkins's fish-way; (p. 615,) This is a spiral arrangement of the common. 
rectangular fif1h-way, with very short compartments, devised in imi-
tation of Mr. Pike's invention. The fish are shown heading against 
the current, which flows as indicated by the arrows. The windows 
are mere apertures for the admission of light. In the plate, the 
walls are represented as solid if built of joist and plank, there may 
be an open space extending around the entire outer walls under-
neath each floor, which will facilitate the lighting and oversight of 
the interior. 1. Plan: E, inlet for water; E', second inlet, to be 
used when the river is too low to supply the :fish-way through E. 
2. Elevation, 
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PLATE XXXV, Ospbromenus goramy, ( old, without bands, and with gibbous forehead,) 
(p. 710.) 
PLATE XXXVI. Ospbromenus·goramy, (p. 110.) 
Fig. 1. Young, with bands. 
Fig. 2, Head, with opercula removed, to show pharyngo.branchial apparatus. 
Fig. 3. Secti~n through forepart of body. 
MAPS. 
PLATE XX.XVII. Grassy Island "Po1~d fishery," Detroit .River. (p. 12.) 
Map of the Mcdloud (p. 170) and Little Sacramento (p. 176) Rivers, showing the loca. 
tion of ~he United States salmon-breeding station. 
Map of Lake Champlain, showing obstructions to the ascent of fish in its river-tribu-
taries, (p." 622.) 
Map of Penobscot Bay, showing location of weirs and nets, (p. 300,) 
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